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SUMMARY 
A large number of human cataractous lenses have been obtained 
for individual lens analysis. Classification and grouping of the 
lenses was initially based on the clinical description of both 
nuclear and cortical involvements made previous to surgical 
extraction. Measurements of the wet, dry and percentage dry 
weights were, in general, in agreement with those found in the 
literature and the relationship of these parameters to the stage 
of cataract is discussed. Iso- electric focussing of the water 
soluble (W.S.) and urea soluble (U.S.) fractions of the lenses 
yielded protein profile for each lens based on the levels of the 
individual polypeptide subunits as measured by densitometry. 
The profiles were found to reflect the nature of the lesion and, thus, 
the initial classification and grouping of the lenses was validated. 
Furthermore, comparisons made between the protein profiles of 
cataracts of similar morphopathology but differing aetiology - 
those considered here include diabetes, retinitis pigmentosa and 
leprosy - showed that the protein profile reflected not only 
the location and stage of the lesion within the lens but also 
the mechanism of cataractogenesis. 
Computer analysis of information collected from a population 
of cataract patients and controls, concerning their social and 
medical backgrounds as well as their ophthalmic record and clinical 
chemistry record of blood plasma constituents, was carried out. 
A number of single variables were found to be associated with 
cataract incidence. They included the medical conditions; 
diabetes, cardiovascular disease, high blood pressure and other 
eye diseases; and the prolonged use of some drugs including the 
tranquilisers, barbiturates, MAOI, tricyclics and phenothiazines, 
and steroids and miotics when applied topically to the eye. 
High levels of the plasma constituents urea and glucose and low 
levels of calcium, cholesterol, total protein, albumin, total 
CO2, phosphate, alanine aminotransferase and asparagine aminotrans- 
ferase are also found to associate with cataract incidence. A 
lower incidence of cataract is observed in individuals who had 
suffered from serious infective bacterial illness and those 
treated with antibacterial drugs. A lower incidence was also 
observed in individuals who were not total abstainers from alcohol. 
Some preliminary combinatorial analysis has shown the 
synergism of two risk factors, high levels of plasma urea and 
plasma fasting glucose and the varying counteractivity of high 
and low risk factors when combined. 
The future role of epidemiological studies combined with 
biochemical studies to elucidate the mechanisms of cataractogenesis 
and to allow the identification of individuals who are particularly 
at risk with the aim of being able to take preventive measures is 
discussed. 
CHAPTER ONE 
THE STUDY OF THE LENS 
1. Proteins of the lens 
Protein accounts for approximately all the dry weight (20 -40%) 
of the lens, (Harding and Dhlley, 1976). Separation and 
classification of the proteins was initially carried out by 
Monier (1894) who used precipitation methods at various pH values. 
He designated the fractions 0C- crystallin, f -crystallin and albumin 
(ó -crystallin), plus the insoluble albumoid. This work was 
continued by Krause (1932) who obtained purer fractions of these 
components also by precipitation methods; ot -crystallin precipitated 
at pH 5.2, A -crystallin at pH 7.2 and albumin ( -crystallin) 
precipitated with saturated sodium chloride. Krause (1932, 1933) 
finding both chemical and physical differences between the four 
protein fractions suggested that they should keep the names given 
by Horner. He also differentiated the proteins by molecular 
weight calculated on the basis of amino acid composition; The 
minimal molecular weights fora( --,A- and y -crystalline he found to 
be 24,300, 15,100 and 24,000 respectively and suggested that real 
weights were integral multiples (73,000; 76,000 and 48,000 
respectively) based on comparisons with serum globulin and serum 
albumin. 
While the classification of Morner and Krause is still 
accepted, the complexity of these protein groups has only been 
elucidated within the last twenty five years during which time 
more sophisticated methods of separation and purification of the 
crystalline has allowed identification of a number of subunits 
within each group, more precise estimates of molecular weight and 
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and has also yielded information on the behaviour of these proteins 
within the lens in terms of ontogenic sequence, species differences 
and their role in maintaining transparency of the lens. 
Information on the crystallins from the whole of the vertebrate 
kingdom with regard to lens development is reviewed by Clayton 
(1974) and their role in ageing and cataractogenesis by Harding and 
Dilley (1976) . 
(i) of -cr stallins 
o -crystallin has the highest molecular weight of any lens 
water soluble protein and can be easily separated by various 
methods including gel filtration and ion -exchange chromatography. 
Early estimates of the molecular weight of bovinedc.- crystallins 
were varied; 12 x 106 (Francois, Rabaey and Wienne, 1955), 1 x 106 
(Resnik, 1957) and 4 x 105 (Bon, 1959). Later work on bovine 
0(- crystallin yielded figures of 8 x 105 ( Bloemendal et al., 1962) 
and 1 x 106 (Spector and Katz, 1965) and further work by Spector 
et al., (1971a,ó) indicated that the molecular weight of 
et- crystallin was not constant and they isolated three distinct 
macromolecular fractions in the weight ranges 6 x 105 - 9 x 105, 
0.9 x 106 - 4 x 106 and greater than 10 a 106. 
Bloemendal et al., (1962) showed that bovine a -crystallin was 
not a single macromolecule but that it consisted of subunits since 
the molecular weight decreased in dissociating conditions. These 
subunits were found to be non -identical but had similar molecular 
weights of around 25,000 (Schoenmakers and Bloemendal, 1968a) and 
would reassociate to form higher molecular weight complexes when 
dissociating conditions were removed (Bjork, 1964). Schoenmakers 
and Bloemendal (1968b), using isoelectric focusing, found 4 sub- 
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units with different isoele ctric points (2 acidic and 2 basic) in 
adult bovine ac -crystallin . These subunits were designated Ai, 
A2, B1, and B2 (Wal.ey, 1969). Spector et al., (1971 ) showed 
that the A- chains had a molecular weight of 19,500 and the B- 
chains, 22,500. 
Thus®(- crystallin was shown to be an oligomeric structural 
protein with around forty subunits per macromolecule. However, 
the subunit composition was shown to vary from the epithelium to 
the centre of the lens (Delcour and Papaconstantinou, 1970, 1974). 
One subunit ( A1) was found to be absent in the embryonic bovine 
lens and to increase with age (Schoenmakers and Bloemendal, 1968a; 
and Palmer and Papaconstantinou, 1969) and the subunits A2 and 
B2 were found to be predominant in the epithelium and young 
fibres where newly synthesisedoc- crystallin is present while the 
subunits Al and B1 increased in amounts towards the centre of the 
lens, (Stauffer et al., 1974). Al was subsequently shown to be a 
post -translational product formed by a post- synthetic modification 
of A2 chain possibly by deamidation of glutamine or asparagine 
(Palmer and Papaconstantinou, 1969; Bloemendal et al., 1972). 
More recent work ( Delcour and Boucher, 1978) has suggested that 
B1 may be formed from B2 by a similar process. Van Kleef et al., 
(1974), who also found bovineoc- crystallin in low, high and very 
high molecular weight aggregates, identified up to nine different 
polypeptide chains in aggravates from fibres of different ages. 
Van Kleef (1974) and Van Kleef et al., (1976) showed how these 
chains could be derived from previously existinge(- crystallin by 
post- synthetic modifications such as deamidation and degradation. 
Stauffer et al., (1974) also found modified A- chains which had 
a reduced molecular weight in both calf and adult bovine lens. 
While these investigations were carried out can bovine oc- crystallin, 
further studies were carried out (Bjork, 1968) showing similar 
subunit composition and immunological homology betweenol- crystallin 
from different mammalian species. Later studies (de Jong et al., 
1976) showed homology not only between mammalian species but 
bets vertebrate classes although variations do occur in subunit 
composition and amino acid sequence. In each species, 
A2 
and 
B2 are the only direct gene products, all otheroc- crystallin 
subunits arising due to post -translational modifications (Harding 
and Dilley, 1976). 
As well as a changing balance in subunit composition between 
the nucleus and the periphery of the lens, a change in macro - 
molecular size ofoc- crystallin has.also been observed. In the 
bovine lens cortex, low molecular weight&..- crystallin with a 
Freund 
molecular weight of 0.7 - 1.7 x 106 predominates (Spectoret al., 
1971 ; Siezen+. Hoend&s, 1978) and towards the nucleus increasing 
amounts of the two higher molecular weight populations (1 -10 x 106 
Li 
and greater than 10 x 106) are found (Spector).et al., 1971b; 
van Kamp and Hoenders, 1973). Roy and Spector (1976)could find 
no low molecular weight species in the human lens nucleus and the 
high molecular weight aggregates contained peptides other than 
oc- crystallin subunits. Aggregation of d -crystallin subunits will 
be discussed later. 
(ii) -Crystallin 
While the nature of e-crystallin is reasonably well defined, 
the situation regarding0S- crystallin is less so since it has not 
been so fully investigated. Separation of bovine lens crystallin 
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by gel filtration yielded two factions which varied in molecular 
weight (Testa et al., 1965; Francois et al, 1965; Zigler and 
Sidbury, 1973; Herbrink and Bloemendal, 1974) but which had 
similar amino acid composition (Bloemendal and Herbrink, 1974; 
Zigler and Sidbury, 1973) and immunological reaction (Bloemendal 
and Herbrink, 1974). Testa et al., (1965) estimated the 
molecular weights to lie in the ranges 1 - 1.5 i 105 (ßH) and 
4 - 9 x 104 (FL) while Zigler and Sidbury(1973) estimated them 
to be 2.1 x 105 and 5.2 a 104. The molecular weight of chick 
lens Ñ -crystallin was found to range from 1.6 x 104 to 6 x 104 
(Zwann, 1968; Truman et al., 1971). 
A -crystallin was also found to be composed of subunits with 
an average weight of 25,000 (Bont et al., 1962) except for one 
native protein isolated by van Dam (1966) which had a molecular 
weight of 28,000 and did not dissociate. This was termed 
ß s- crystallin. Zigler and Sidbury (1973) found 
AL 
to be a dimer 
consisting of two subunits of molecular weight 24,000 and 27,500 
and 6 to be an oligomer of about eight subunits at least, one of 
which having a molecular weight 31,000 or. 35,000, the others being 
either 24,000 or 27,000. Bloemendal and Herbrink (1974) found 
more subunits than the four found by Zigler and Sidbury but agree 
with them that some of the subunits are shared by each class 
although in different amounts. The subunit nature of chick 
iS- crystallin was shown by Clayton and Truman (1967) who argued 
that A -crystallin was a family of heteropolymers, the subunits of 
which varied in number although the same subunits may be present 
in both the heavy and light fractions. Further work (Clayton, 
Campbell and Truman, 1968; Clayton, 1969; Truman et al., 1971; 
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Truman and Clayton, 1974) has confirmed this and shown that eleven 
subunits are present. 
Immunological studies ( Zigler and Sidbury, 1977) have shown 
cross -reactivity between ß- crystallin of vertebrates of different 
evolutionary ages and indicate the conservative nature of these 
proteins.. For such a heterogeneous population of subunits to 
arise, Clayton (1974) has suggested that a system of gene 
duplication and divergence has operated. However, it is probably 
that, as in oC- crystallin, some subunits are not direct gene 
products but arise by post -translational modification of pre- 
existing subunits. In vitro studies of ß -crystallin synthesis 
and aggregation (Vermorken et al., 1977) have suggested that the 
formation of ßH requires post- synthetic modification of at least 
one subunit which is present in calf lens nucleus but not in 
adult bovine lens nucleus. Thomson et al., (1978) and Zigler 
(1978) have also given evidence for post -synthetic modification 
of $ -crystallin subunits in chick and bovine lens respectively. 
(iii) b'- Castallin 
The "embryonic protein" of Francois and Rabasy (1957b) was 
shown by Bjork (1961) to be g- crystallin and was found in larger 
amounts in young rather than old bovine lenses and in the nucleus 
rather than the cortex. This crystallin exists as monomers with 
a molecular weight around 20,000. Papacanstantinou (1965) could 
find no 2(- crystallin in the epithelium and suggested that synthesis 
was induced during fibre formation during embryonic life. Bjork 
(1964) purified bovine Y crystallin by gel filtration and isolated 
K 
from the preparation four distinct proteins differing in amino 
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acid composition, molecular weight and sulphydryl content although 
they have immunological identity thus suggesting that these are 
four distinct gene products. Slingsby and Croft (1972) divided 
one of these groups in two on the basis of difference in amino 
acid composition at the C- terminal end. Hines and Olive (1970) 
found eight components in rabbit Y- crystallin having similar amino 
acid composition to bovine Y- crystallin. Zigman et al., (1970) 
found eight components in rat ó- crystallin and later (Zigman et al., 
1971b) found variations between species in the number of Y- crystallin 
constituents but found one common constituent with an isoelectric 
point at pH7.5. Differences observed between the individual 
Y- crystallins apart from amino -acid composition involve levels of 
sulphydaçyl groups and isoelectric points, and also the levels at 
which Y- chains are found in different parts of the lens. The 
higher the level of sulphydryl content, the higher the isoelectric 
point ( Zigman et al., 1970) and those with higher sulphydryl 
content are found in higher concentrations in the older fibres in 
the nucleus while those with lower sulphydryl content are more 
abundant in the cortex (Zigman et al., 1971a). These authors 
suggest that the high level of sulphydryl groups in Y- crystallin 
is important in the formation of the insoluble lens protein 
fraction, the aluuminoid. Croft (1973), has suggested that Y- 
crystallin contributes to this process in humans where it had been 
previously identified immunologically in the albuminoid along with 
bothot- and Iß- crystalline by Manski et al., (1968). 
The loss of Y- crystallin from the soluble protein fraction 
of the lens with age and cataract has been observed in the human 
lens (Croft, 1973; Kabasawa et al., 1977a,b; Wagner and Fu, 1978), 
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although controversy remains as to whether the loss is due to 
leakage from the lens, first suggested by Francois and Rabaey, 
(1958), insolubilisation (Francois et al., 1965) or aggregation 
and incorporation into higher molecular weight species (Zigman et 
al., 1969; Harding, 1975). 
(iv) HM- crystallin 
As well as the three main groups of crystallin in the water 
soluble fraction of the lens a high molecular weight component has 
been isolated. The definition of high molecular weight crystallin 
varies depending on the species from which it has been prepared. 
In the case of bovine lenses, HM- crystallin was first prepared by 
Spector yet al . , (1971) when they isolated three groups ofoc -crystallin 
which varied in molecular weight. The highest molecular weight 
class (1 x 107) was identical both in amino acid and subunit 
composition to the other classes and consisted solely of- crystallin. 
In rabbit, the HM- crystallin fraction studied by Liem -The and 
Hoenders (1974a,b) consisted mainly of o -crystallin but did 
incoporate some 0-crystallin. The study of human lens 1111 - 
crystallin revealed that the amino acid composition did not 
correspond to any one particular crystallin class (Jedziniak et 
al., 1973; Roy and Spector, 1976) although Maraini and Mangili 
(1973) did isolate large aggregates ofdc- crystallin with molecular 
weight above 1 x 107. The study of such a protein species was of 
interest since Benedek (1971) asserted that macromolecules of this 
size range at a certain concentration would disrupt the trans- 
parency of the lens. Therefore, could HM- crystallin be an inter- 
mediate step in the insolubilisation process of lens protein 
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associated with cataractogenesis? 
An increase of the proportion of HM- crystallin in the lens 
was observed with ageing so that more was found in the older bovine 
(Spector et al., 1971b; van Kamp and Hoenders, 1973) rabbit 
(Liem -The et al.,1975a) and human (Jedzinia.k et al., 1975; Roy 
and Spector, 1976) nuclear lens fibres. Also Liem -The et al., 
(1975b) found that in the case of X -ray induced cataract in the 
rabbit, formation of the HM- crystallin was accelerated with a 
concurrent increase in the incorporation off!. -crystallin. However, 
a 
I araini and Mangili (1973) could find no difference in the levels 
of « -crystallin aggregates between cataractous and normal lenses. 
Early studies on bovineoc- crystallin aggregates showed that 
they could be dissociated in the presence of urea and, that, on the 
removal of the urea, the subunits would reaggregate to form macro- 
molecules of a size similar to the starting material (Bloemendal et 
al., 1962). However, the degree of reaggregation was found to be 
incomplete both immunochemically (Bjork, 1964) and in terms of 
chromatographic and electrophoretic properties (Spector et al., 
1971). In the search for mechanisms of aggregation, various factors 
have been implicated in in vitro reaggregation studies including 
glucose (Spector et al., 1971a) calcium (Jedziniak et al., 1972) 
and some unidentified chromophores (Li, 1974). Recent work by 
Siezen et al., (1979) studying the interrelationship of monomeric, 
oligomeric and polymericot- crystallin in calf lens nucleus has 
shown by electron microscopy how the globular units of monomeric 
ac- crystallin form flexible chain like aggregates to form oligomers and 
that eventually three dimensional branched polymers are formed. 
They also found that the size of reassociated d -crystallin in vitro 
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was dependent on the concentration of degraded A- chains. 
Degraded polypeptides have also been implicated in human BI- 
b 
crystallin (Roy and Spector, 1976). 
(v) Albuminoid 
Two components constitute the albuminoid; lens crystallins, 
which have become insoluble either through ageing (FÙihorst and 
Young, 1966) or by some cataractogenic agent, and lens fibre 
membrane material. The former component is, however, soluble 
in concentrated urea solution (8M) thus suggesting that it is 
formed by aggregation of the soluble crystallin due to disulphide 
linkages. It has been argued that this aggregation does not occur 
in yivo'but is rather, an artefact brought about by the method of 
protein preparation viz. homogenisation in aerobic, non -reducing 
conditions, (Harding, 1972; Lasser and Balazs, 1972). Harding 
found increasing amounts of insoluble material with increasing 
coloration of cataracts even in anaerobic conditions but argued 
that his material was a result of covalent bonding other than 
disulphide bonds. However, the higher levels of insoluble 
material found with increasing colour must reflect the increasing 
susceptibility of proteins to aggregation with age and cataracto- 
genesis. Lasser and Balazs, 1972 describe a matrix of membrane 
components plus soluble protein which forms during homogenisation 
in air but which also forms during homogenisation under nitrogen 
which suggests that, to some extent, insolubilisation does occur 
in the lens. Mach (1963) showed a parallel increase in albuminoid 
and decrease in water soluble protein with age, especially in the 
nucleus. Manski et al., (1968), who also found this, investigated 
the nature of albuminoid and found that all crystallin fractions 
oc, 0, and were involved, the degree of the involvement varying 
with age (Manski and Martinez, 1971). Until then, it was widely 
accepted that only a -crystallin contributed to the formation of both 
bovine (Ruttenburg, 1965; Waley, 1965) and human albuminoid (Mehta 
and Maisel, 1968) although some workers had also implicated ß - 
orystallin ( Nordmann, 1949; Dische and Zil, 1951. York et al., 
(1971) looked for the synthesis of a pathological protein in the 
formation of albuminoid but could not detect it and later (York et 
al., 1972) found that human albuminoid shared immunological identity 
with the water soluble crystalline. The pattern in dogfish is that 
albuminoid is similar to ó- crystallin (Lerman et al., 1968; Mehta 
and Lerman, 1970) but this is probably a reflection of the fact that 
fish lens may contain up to 70% of its soluble protein as á- 
crystallin with very little®c- crystallin (Clayton, 1974). 
Similarly, in the rat, 2i- crystallin plays an important role in the 
formation of aggregates which, in the cortex of the lens, constitute 
a soft gel -like matrix and in the nucleus, a firmer gel as nuclear 
sclerosis takes place. 
Roy and Spector (1978a) isolated a number of polypeptides of 
varying size classes from 11,000 to 100,000 each of which showed a 
more complex composition, with respect to the number of component 
polypeptides, than would be expected from such apparently homogeneous 
fractions. A more detailed study of the 11,000 dalton fraction 
which is a significant component of insoluble protein (Roy and 
Spector, 1978b), showed it to be a 9,600 molecular weight class 
consisting of a number of similar sized polypeptides most of which 
have an amino acid sequence corresponding to tryptic digest products 
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ofoc-- crystallin A- chains. Thus post -translational modifications 
of lens crystallins may be important in the formation of high 
molecular weight and water insoluble aggregates. 
2. STRUCTURE OF THE LENS 
(i) Development 
At an early stage of embryogenesis, in the case of the human 
when the embryo is between 4mm and 9mm long, an induction between 
the mesoderm and ectoderm in the head region cause the formation 
of optic vesicles which grow out from the forebrain and which 
induce palisading of the overlying ectodermal cells to form lens 
placodes. The lens placode invaginates to form a lens cup which 
in turn is pinched off forming the lens vesicle. This is enveloped 
by the basement membrane (Primitive lens capsule) which had under- 
lain the lens placode (Arey, 1975; Coulombre, 1965). 
Cells at the posterior of the vesicle, proximal to the optic 
cup, elongate progressively to obliterate the lumen thus forming 
the primary lens fibres which no longer undergo mitosis. The 
anterior cells, however, remain as a cuboidal epithelial sheet 
which, while covering the mass of fibres, is continuous with it at 
the equator of the lens. Mitosis occurs throughout the epithelium 
initially but gradually declines in the central area and eventually 
ceases leaving around the equator of the lens a region of 
proliferation which is maintained. These dividing cells give rise 
to new elongating fibres which are deposited around the original 
fibre mass so that they meet both anteriorly and posteriorly 
compressing the original fibres which form the lens nucleus; the 
newly laid down cells forming the lens cortex whose growth is 
continuous, although gradually decreasing, throughout life. 
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(ii) Function 
The function of the lens in the eye is refractory, focusing 
light onto the retina by way of its transparency and alteration of 
its shape and /or position (accommodation). Both these phenomena 
are associated with a balance of two parameters; a high concent- 
ration of protein to raise the refractive index and a high water 
content to make the lens softer and more deformable (Clayton, 1974). 
The two extremes of this situation are seen in fish, whose lenses 
must be refractive as possible since the corneal -water interface 
gives little refraction and which, therefore, have very hard lenses, 
with a high protein content, which must be moved along an axis rela- 
tive to the retina to allow accommodation; and birds, who must 
accommodate very rapidly with high acuity and who, therefore, have 
lenses with a high water and low protein content. However, taking 
as an example the bovine lens as being between these extremes, the 
situation with respect to refraction has been described by Bettel- 
heim and Wang (1974) who showed, by use of the minimum light 
scattering technique, that the refractive index of the lens is not 
constant but rather varies between the nucleus and cortex and that 
this variation is a gradual and symmetrical change in refractive 
index which is high in the nucleus and decreases radically out to 
the equator of the lens. This correlates with the protein 
concentration in the fibre cells. 
(iii) Transparency 
Refraction, of course, depends on transparency and various 
studies have been carried out to determine how the lens maintains 
its transparency. Trokel (1962) and Philipson (1973) both 
considered the uniform protein distribution within the lens fibres 
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and the absence of large fluctuations in refractive index to be 
the explanation. Benedek (1971) suggested that lens transparency 
is due to the wavelength of the Fourier components of the density 
fluctuations in the lens being less than half the wavelength of the 
transmitted light, and that opacities would develop as a result of 
light scattering due to long wavelength density fluctuations 
caused by an increase in the concentration of high molecular weight 
protein aggregates. Such aggregates have been found in the 
nucleus, as discussed previously, but not in the cortex, although 
cortical cataracts are caused by increased turbidity. Schachar 
and Solin (1975), using R n n spectroscopy, proposed a theory for 
lens transparency based on the anti -parallel -pleated sheet 
arrangement of the lens proteins. They suggested that the proteins 
of the cortex are arranged in this manner for considerable 
distances, e.g. several thousand Angstroms. Therefore, because 
of the polar nature of these proteins, a slight tilting of one of 
them will cause tilting in the neighbouring protein right along the 
line bat in decreasing magnitude, In this way a disorder opacity 
will be induced in the cortex. The authors suggest thht this 
theory would account for the reversible instant opacification due 
to applied pressure in the lens, (Farber, 1974) rather than instant- 
aneous water movement between the fibres which Barber proposes. 
More recent work, however, in the study of light scattering 
and birefringence (the transmittance of a double or halved image) 
has elucidated some of the optical properties of the lens. The 
apparent optical isotropy of the lens is due to the balance of the 
two components of birefringence; form and intrinsic (Betteiheim, 
1975). In the situation of the bovine lens, the arrangement of the 
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fibre cells gives rise to negative form birefringence; but this 
is balanced by the fibres themselves possessing intrinsic or 
orientation birefringence of the opposite sign. Therefore, 
optical anisotropy must exist within the cell and is brought 
about by the non -random arrangement of the macromolecular 
aggregates of the lens proteins. This situation would answer the 
question of why a number of distinct proteins are required by the 
lens (theca -, A-, and Y- crystallins) since different crystalline 
form special anisotropic aggregates that cancel the form 
birefringence and thus enhance transparency. Distortion of such 
an arrangement, e.g. by disorganisation of lens fibres or by 
swelling of the fibres either in vitro or in vivo by induced 
galactose cataract causes an increase in birefringence, i.e. 
reduction in transparancy, since an imbalance is created between 
form birefringence and intrinsic birefringence ( Bettelheim, 1977). 
Weale (1979) observed changes in birefringence in lenses under 
stress and made two predictions. Firstly, that women are more 
liable to cataract than men due to increasing lens thickness with 
age and, secondly, that myopes are at greater risk than hyper - 
metropes because, in the former, the lens is subject to greater and 
more continuous stress. But ,he stresses that this physical 
phenomenon serves as a predisposing factor in the presence of other 




THE STUDY OF CATARACT 
History of the Study of Cataract 
The most frequent and important lesion found in the lens is 
cataract i.e. opacity of the lens. The origin of the medical 
term cataract is unknown but is thought to stem from the latin 
"cataracta" and Greek "Kataraktes ", both of which mean waterfall, 
suggesting perhaps that some comparison was made between the loss 
of transparency of the lens due to opacification and the whitening 
of water (normally transparent) due to the disturbance of its 
flow. The earliest diagnosis and surgery of cataract is un- 
determined although it is mentioned in early Egyptian and Indian 
writings from the second millenium B.C. The ancient Hindu 
teaching of Susruta was that cataract was a disease of the lens 
itself but later, in Greek learning, while the presence of the lens 
in the eye was recognised, opacification was thought of as being 
not lenticular, but due to accumulation and solidification of evil 
humours in the empty space (locus vacuus) between the lens and the 
pupil. This humoral theory which was accepted in Europe for 
sixteen centuries, was propounded by Celsus (c 25 B.C. - 50 A.D.), 
who described the crystalloid (lens) as being situated in front of 
the hyaloid and consisting of a drop of liquid (humour) resembling 
the white of an egg and constituting the site of the ability of 
vision. Under certain pathological 'conditions, the humour 
thickened and flowed into the locus vacuus where it solidified to 
form a suffusion or cataract. 
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Felix Platter, at the end of the sixteenth century, demon- 
strated that the lens was an optical medium and at the beginning 
of the following century, Fabricius and Aquapendente of Padua 
correctly described the position of the lens. Some surgeons now 
taught that cataract was an opacity of the lens itself but such 
dissenting opinion of the old humoural theory could not be 
published. Werner Rolfinck, professor of anatomy at Jena, who 
dissected the bodies of executed criminals, demonstrated repeatedly 
that cataract was due to clouding of the lens but this view, was 
considered heretical until a French physician, Michel Pierre 
Brousseau, made the same observation on a dead soldier who had 
cataract and reported his findings to the "Academie Royale des 
Sciences" in Paris in 1705. Controversy then raged throughout 
Europe as opthalmologists such as Hermaan Boerhaave in Holland 
and Giovanni Battista Morgagni in Italy propounded the scientific 
fact that cataract was not an inspissated humour but a hardened 
and clouded lens. It was finally accepted when Jacques David 
published his classical paper on the deliberate extraction of 
cataract in 1753. 
The history of the subject since then involves observations 
on morphology and concepts of aetiology i.e. the classification of 
cataract. It was the beginning of the nineteenth century, when 
some congenital cataracts were investigated, before any descriptions 
of morphology were made. The anterior polar cataract was 
described in 1817, the anterior capsular in 1887 and the posterior 
polar cataract in 1909. The advent of the slit -lamp microscope. 
greatly facilitated detailed descriptions and the early observer 
Alfred Vogt of Zurich made accurate and painstaking observations 
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thus laying down the foundations of modern knowledge. There is as 
yet, no universally accepted classification of cataract but 
classifications do exist of chronology (congenital, neonatal, 
juvenile, presenile and senile), morphology (colour, cuneiform, 
cupuliform, coronary, etc.), topography (capsular, nuclear, cortical, 
polar, etc.) and development (incipient, intumescent, mature, hyper - 
mature). Pixie (1968) classified lenses on the basis of colour, 
ranging from yellow to black, dividing them into four categories, 
Groups I, II, III and IV. 
Along with morphological observations, ideas on the aetiology 
of cataract were reported. Traumatic cataract due to contusion or 
perforation had been described in the sixteenth century but it was 
late in the nineteenth century when both heat and cold cataracts 
were noted. Radiation cataract due to roentgen rays was first 
reported at the beginning of this century and later by Miller, 
Fugino and Nafziger (1967) who observed them in survivors of the 
Hiroshima and Nagasaki bombings. Nutritional cataracts, were 
widely studied on an experimental basis and observed clinically in 
patients suffering from anorexia nervosa (Miller, 1958) and in 
inmates from a Japanese concentration camp (Ridley, 1920). A 
large number of toxic agents, including corticosteriods (Oglesby et 
a,b 
al, 1961), miotic drugs (Axelsson, 1973) and cytotoxins (Duke -Elder, 
A 
1972) and metabolic disorders including diabetes, (Duke- Elder, 1925; 
Caird et al., 1969) and galactosaemia (Kinoshita, 1965) were also 
implicated as cataractogenic agents. , 
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2. Senile Cataract 
According to Sorsby (1962), approximately 1.2 million people 
throughout the world develop visual impairment due to cataract 
annually, and Nordmann, (1972) states that lenses after the age of 
60 are seldom free of opacities (Although to define them all as 
cataractous is debatable since not all opacities cause a decrease 
in visual acuity). McGuinness (1967) found a frequency of lens 
opacities in the general population of 48% at the age of 40 rising 
to 80% at 85. The three most common forms of cataract occurring 
at about 45 years of age or later are cortical (white soft cataract), 
nuclear (hard brown cataract) and cupuliform (posterior subcapsular 
saucer -shaped cataract.). Each may occur singly or be involved 
with one or both of the other types (Bellows and Bellows, 1975). 
A fourth type of opacity found in almost all adult lenses, is 
described as punctate. They do not usually cause visual impair- 
ment except where, with increasing age, their numbers increase, 
or where there is a second type of opacity involved. 
3. Factors Contributin: to Senile Cataractoenesis 
While cataract is regarded as a sign of old age, other 
factors may be implicated. Senile cortical cataract has been 
ascribed to causes such as endocrine disturbances, nutritional 
deficiencies, toxins, radiation, alterations in the lens capsule, 
osmotic imbalance and hereditary factors, (Bellows and Bellows, 
1975; Duke -Elder, 1969). Hockwin, (1976) quotes Becker, (1877); 
"the cataracta senilis is, to a certain degree, a normal symptom of 
age, a kind of physiologic lens death, and, as such, unavoidable. 
However, the fact that the time of manifestation is different with 
each individual indicates the supervention of a casual cause ". 
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Also the diversity of the nature of cataract, both in morphology 
and in the number of cataractogenic agents, makes it necessary to 
consider several factors, either singly or cumulatively, in the 
aetiology of the disease. Cataracts which present clinically 
include congenital, senile, metabolic (e.g. diabetic, galactosaemic, 
myotonic, aciduria, etc.), osmotic, toxic and traumatic cataracts 
plus those which appear as part of some multiple syndrome. Some 
of these cataracts, which may involve aggregation of lenticular 
proteins, abnormal ionic exchange, osmotic changes within the lens 
which disrupts metabolism or injury to the lens cells, can be 
imitated by experimental induction. Methods of producing 
cataract include physical causes (such as osmotic influences, cold 
and heat), radiation of varying wavelengths, interference with 
nutrient supplies either by addition or depletion of certain 
metabolites, and induction of sugar cataracts (by feeding with 
galactose, xylose or glucose) and toxic cataracts (by addition to 
the diet of naphthalene, paradichlorobenzene, enzyme inhibitions 
and other cataractogenic drugs), (Duke -Elder, 1969). 
Much research has been done to investigate the process of 
cataractogenesis using human lenses after surgery or animal lenses 
in which cataracts, have been experimentally induced, (Nordmann, 
1972; Barber, 1973; Harding and Dilley, 1976). Hockwin and Koch 
(1975) discuss the mechanisms of cataract formation and the value 
of experimental investigations in the understanding of the aetiology 
of human cataract. In experimentally induced cataract, such as 
with galactose (Kinoshita, 1965; Kinoshita et al., 1963) and 
naphthalene (van Heyningen and Pirie, 1967; van Heyningen, 1979), 
the biochemical and morphological changes have been described in 
21. 
detail. But in clinical cataract, it is difficult to define one 
mechanism as being the cause, since some cataractogenic agents 
while producing an identifiable characteristic cataract in some 
cases, will in others, induce earlier onset of what is commonly 
described as "senile cataract ". Also, more than one type of opacity 
or cataractogenic factor may be involved in the formation of catar- 
act within one lens; this is what Hock in and Koch (1975) term a 
"multifactorial" cataract. 
However, in the following sections, nuclear, cortical and 
posterior subeapsular cataracts will be considered individually in 
terms of pathology, morphology and, where the data is available, 
biochemistry. Much information is available on the subject of brown 
nuclear cataract and is included within that section. Some 
cortical cataracts, including some subcapsular cataracts, whose 
aetiology is fairly well understood are discussed individually 
after a general description of cortical cataract. 
4. Brown Nuclear Cataract 
(i) Lens Colour and Fluorescence 
The lenses of many nocturnally active animals such as rats, 
rabbits, guinea pigs and most fishes, are colourless while in most 
diurnally active animals, for example geckos, snakes, tree shrews, 
squirrels, monkeys and man, the lenses are various shades of yellow, 
amber and brown, these colours developing with age (Zigman, 1971; 
van Heyningen, 1976). These authors suggest that this colouration 
acts as a filter against ultra violet light so that the retina is 
protected against such irradiation which might otherwise depress 
synthesis of proteins and RNA in that tissue. While van Heyningen 
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states that filters are present in the lenses of some species other 
than man and the primate, the argument for such an evolutionary 
adaptation requires a comprehensive study of vertebrate lens before 
it could be acceptable. It has been proposed that the formation 
of the yellow colour, while acting as a U.V. light filter, may in 
fact be caused by such irradiation in the first place and that 
prolonged exposure might lead to extensive colouration and the 
formation of a nuclear cataract (Pi rie, 1972). 
Nuclear cataract is said to be present when physiologic 
sclerosis exceeds its normal bounds and is characterised by the 
dark colour and unusual size of the nucleus and the presence of 
dustlike opacities in the nuclear region (Bellows and Bellows, 1975). 
Nordman (1972) differentiates two groups of nuclear cataract; the 
typical nuclear cataract and the brunescent cataract. Development 
of the forms is similar and involves both pigmentation and sclerosis 
of the lens nucleus but in the brunescent cataract the cortex may 
also become involved so that the supranuclear layers become 
coloured. Since cortical involvement occurs at a later stage of 
MS 
cataractogeñis, the pigmentation there is not so intense as in the 
nucleus and a range of colours from black through brown and amber 
to yellow may be observed in some cases from the nucleus outwards 
and such an observation led Vogt (1931) to suggest that the darker 
colours were just an intensification of the yellow pigmentation. 
However, other workers (Said and Neale, 1959; Cooper and Robson, 
1969) have suggested that several coloured substances, which may 
give rise to different levels of pigmentation, exist in the lens. 
Zigman (1971) identifies these substances as aromatic compounds 
including the amino acids phenylalanine, tryptophan and tyrosine 
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which, as a result of photo -oxidation of the aromatic rings to 
quinones, become yellow, brown or black respectively. 
Associated with the increasing brown colouration of human 
lenses, whether normal or cataractous, is an increase in fluor- 
escence at wavelenghts longer than 400 nm. (Lerman, 1972, 1976). 
Satoh (1973) describes two types of fluorescence; purple, which he 
attributes to the tryptophan and tyrosine residues in the protein 
matrix, and blue, the nature of which chromophore is unidentified. 
The latter, he claims, is responsible for the increased fluorescence 
in age and cataract. Lerman and Buckman (1976) also found two 
fluorogens one of which they suggest is responsible for the normal 
yellow colour in ageing lenses and the other for the deeper yellow 
to brown colour observed in advanced nuclear cataracts. Earlier 
work by Francois, Rabaey and Recoules (1961) revealed a substance 
of low molecular weight which gave a blue -green fluorescence and 
lenses 
which could only be prepared from human and primate,(which, 
according to van Heyningen (1976) are the only lenses which develop 
brown nuclear senile cataract). This low molecular weight sub- 
stance was thought most probably to be a peptide since the absorb- 
ance peak at 270 nm. obtained in fluorescence studies might be 
explained by the cyclic amino acids such as tyrosine, tryptophan or 
phenylalanine (the amino acids susceptible to photo -oxidation) 
(Zigman, 1971). 
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(ii) Protein Changes in Brown Nuclear Cataract 
(a) photo -oxidative Changes 
In order to investigate the effect of photo -oxidation, Pirie 
(1972) exposed lens proteins and tryptophan to sunlight and 
observed the following changes, which did not occur in control 
conditions in the dark; the protein solution turned yellow and 
golden brown while tryptophan in aqueous solution turned a deep 
brown with, in some cases, a deposition of a black precipitate. 
The lens proteins tended to become insoluble and fluorescent studies 
showed them to be similar to protein prepared from brunescent 
cataract in that both showed decreased levels of hïstidine and 
tryptophan. Increased fluorescence has been associated with 
insolubilisation of protein due to covalent non -disulphide bonds 
which appear in the final stages of brunescent cataract (Dilley and 
Pixie, 1974; Bando et al., 1976). However, Zigler (1976) could 
find no difference between the amino acid composition of normal 
cataractous lenses except that free tryptophan in the amino acid 
pool was reduced in brunescent cataract. Earlier studies (pixie, 
1971) had revealed that tryptophan is oxidised through the action 
of sunlight to give N- formylkynurenine and Zigler et al., (1976) 
found traces of kynurenine in brunescent cataract. Kurzel et al., 
(1973) and Yamanashi and Zuclich (1978) also implicated photo - 
oxidative products of tryptophan in lens pathology. Kynurenine 
could act as a photosensitiser or react directly with the proteins 
of the lens. Since the nuclear proteins of the lens are particul- 
arly rich in tryptophan and are also long lived, early oxidative 
changes may lead over a period of many years to cataractogenesis 
and the formation of brown nuclear cataract: 
25. 
(b) Formation of Disulphide Bonds 
Truscott and Augusteyn (1977b) could find no change in 
tryptophan levels in cataractous lenses but did observe changes in 
the levels of methionine and cysteine both in nucleus and, to a 
lesser degree, in the cortex in later stages of cataractogenesis. 
They also found, as did Testa et al., (1968) and Auricchio and 
Testa, (1972), increased levels of disulphide and decreased levels 
of sulphydryl groups. They argued that photo -oxidation was not 
the cause, since light of the appropriate wavelengths was not trans- 
mitted by the cornea, but rather that oxidation was due to oxygen 
or peroxide. This argument was linked with the levels of the free 
radical scavenger glutathione which drop in the nucleus in brown 
cataract. but remain constant in the cortex ( Augusteyn, 1979). 
Two theories have been forwarded to explain the formation of 
disulphide bands. Truscott and Augusteyn (1977c) and Rogers and 
Augusteyn (1978) have suggested that since glutathione reductase 
controls the levels of reduced glutathione in the lens, changes in 
brown nuclear cataract may, in part, be the result of a defective 
enzyme. Alternatively, the susceptibility to oxidation of the 
thiol groups within the protein may be enhanced by conformational 
changes which the proteins may undergo during cataract development 
(Kinoshita and Merola, 1973; Harding, 1972, Auricchio and Testa, 
1973). Such conformational changes would expose the thiol groups 
and promote the formation of intermolecular disulphide bonds. 
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(c) Protein Insolubilisation 
Measurements on the degree of insolubilisation of nuclear 
protein during cataract development have been made by a number of 
workers. Dilley and Pirie (1974), and Buckingham (1971, 1972) in 
comparing Group IV cataracts with other lenses both normal and 
paler yellow, found a high proportion of urea insoluble protein in 
the nucleus of the former, while in the cortex, the ratio of 25mg 
urea soluble to 4mg of urea insoluble was the same as in the cortex 
of other lenses. Kramps et al., (1976) and van Heard et al., (1978) 
also found the ratio of water soluble to urea soluble to urea 
tenaes insoluble within the cortex of both normal and cataractous to be 
the same while quantitative changes had occurred in the nucleus 
during cataractogenesis. A decrease in the water and urea soluble 
fractions with a concomitant rise in the urea insoluble fraction 
was observed without any change in dry weight which suggested that 
these changes are mutual. Since the addition of a reducing agent 
results in the solubilisation of the urea insoluble fraction ( Kramps 
et al., 1976; Truscott and Augusteyn, 1977a), insolubility must be 
due mainly to disulphide cross links. Truscott and Augusteyn, 
(1977a) proposed a lattice network of protein subunits joined by 
disulphide bands with other covalent bonds also involved since 
increasing colour was paralleled by an increased inability to be 
solubilised in the presence of a reducing agent. 
(iii) A Question of Location 
Senile brown nuclear cataract is.associated, as has been 
described, with the accumulation of coloured insoluble proteins 
which are localised in the nucleus of the lens. While this is 
undisputed, the cause and mechanism of the formation of such 
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aggregates and the reason why such changes should be restricted 
to the nucleus remain hypothetical. Why should the nucleus only 
be liable to pigmentation if, as Pixie (1971) and Zigman (1971) 
have shown,all the proteins from the lens will undergo the changes 
described if exposed to U.V. light? The role of ascorbic acid in 
the prevention of photo -oxidation of proteins within the cortex has 
been suggested as one possible factor (Pine, 1972). `i'ruscott and 
Augusteyn (1977b) did not accept photo -oxidation as a cause but 
preferred free radical oxidation of sulphydryl groups. But this 
too begs the question as to why only the nucleus should be involved 
until the very advanced stages of cataractogenesis. The possibility 
of control of disulphide band formation by either glutathione 
reductase or conformational changes within the proteins leads to the 
same question. One factor which is significant in this apparent 
paradox is the difference in protein composition between the cortex 
and the nucleus. Within the nucleus are proteins which undergo 
little or no turnover throughout life, are rich in tryptophan and 
sulphydryl groups and throughout life are exposed to influences, 
such as sunlight and other radiation, which induce cross- linking 
and insolubilisation (Maraini and Mangili, 1973). 
A number of weaknesses are present in all these arguments put 
forward. First of all, lenses are classified post- operatively 
and therefore lack a detailed description of their cataractous 
morphology as provided by careful slit -lamp examination in situ. 
Secondly, lenses are selected or discarded on the basis of morphology 
and then pooled before analysis so that a great deal of information 
is probably lost and only generalised statements can be made from 
the results. Finally, it seems that all these workers assume that 
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a brown cataract is a progressive phenomenon, i.e. it begins by 
being yellow and gradually deepens in colour due to intensification 
of the yellow pigment, and therefore they have all looked for 
progressive changes biochemically. But if, as suggested by Said 
and Weale (1959) and Cooper and Robson (1969), different levels of 
pigmentation are due to different coloured substances, then the 
premise of progression is a wrong one. 
5. Senile Cortical Cataract 
Senile cortical cataract is characterised mainly by degener - 
ative processes in the cortical fibres, their membranes and in the 
epithelium which result in the formation of water clefts, cuneiform 
opacification and lamellar separation, (Nordmann, 1972; Duke- Elder, 
1969). The stages of cortical cataract which can be clinically 
observed are as follows : - incipient or immature, intumescent, 
mature, hypermature and Morgagnian. The initial stages have been 
studied by electron microscopy, (Philipson, 1973; Philipson and 
Fagerholm, 1973) and are characterised by an enlargement of 
extracellular spaces, disruption of lens fibres and breakdown of 
cell membranes. These phenomena depend on the imbibition of water 
by the lens following breakdown of the cortical fibres and the 
Consequent increase in osmotic pressure. As the amount of free 
water in the lens increases, the size of the lens increases with 
a concomitant increase in the number of vacuoles and clefts as 
fluid moves between the individual fibres. This represents the 
intumescent stage. Subsequently, the disintegrated products may 
excape by leakage through the capsule so that the lens decreases 
in size until the cataract reaches maturity and, later on, 
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hypermaturity when the lens becomes shrunken and yellowish with 
irregular deposition of grayish -white material in the cortex. 
If, however, the capsule is abnormally thick (Fikui and Yamashina, 
1978), so that leakage does not occur, the lens appears as a bag 
containing a milky white fluid within which the nucleus has sunk due 
to gravity - the Morgagnian cataract. 
6. Posterior Subcapsular ( Cupuliform) Cataract 
Cupuliform cataract is a common form of senile opacification 
consisting of a thin layer of granules located just beneath the 
capsule in a "saucer shape" and in slit lamp microscopy appears 
yellow, (Duke- Elder, 1969). This form of cataract occurs at an 
earlier age than nuclear or cortical cataract, progresses slowly 
and often becomes complicated with other opacities. Because of 
its location, visual function is impaired at an early stage 
(Bellows and Bellows, 1975; Duke Elder, 1969). 
Streeten and Eslagian (1978) studied fifteen human lenses with 
posterior subcapsular cataracts histologically and compared them 
with normal and non -posterior subcapsular lenses. The shape of 
the cataract was either polygonal or stellate, correlating to some 
extent with the suture pattern, and a semiliquefied zone was 
present in the centre. Cells migrating from the equatorial zone 
were observed and a disorganisation of the postequatorial nuclear 
rows was more pronounced than in control lenses. The migrating 
cells were stellate in shape and in more advanced cataracts were 
oriented in a ring round the semiliquefied zone where bladder cells 
and other proliferative cells tended to accumulate. The morphology 
described here was very similar to that in posterior subcapsular 
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cataracts induced experimentally by Cogan, Donaldson and Reese 
(1952) using radiation, and in those observed by Greine and Chylack 
(1979) who studied posterior subcapsular cataracts produced by long 
term steroid therapy. Creighton et al., (1978) studied posterior 
subcapsular cataract by scanning electron microscope and found 
globular bodies present in the cataractous area. They suggested 
that the globules were formed during fibre degeneration when sub- 
surface actin microfilaments fragment and form korgagnian globules 
when the cell forms blebs at the surface. But no factor is known 
which will stimulate this process and so cause cataract in the 
posterior cortical area. 
In the study of posterior subcapsular cataracts produced 
experimentally by tryptophan deficiency by Ohrloff et al., (1978), 
the authors suggest that, in the light of evidence given in that 
paper and supported by the results of Koch (1976) and Koch et al., 
(1977), this type of opacity may be due to disrupted protein 
metabolism. This theory is also supported by the observations of 
McAvoy and van Heyningen (1976) who showed that terminal differnt- 
iation of fibre cells was abnormal in terms of cell growth and 
s 
denucleation. Friedburg, Kroner and Rosenftiel (1974) suggested 
that disrupted protein metabolism may be the reason for the 
development of glucocorticosteroid induced posterior subcapsular 
cataract. These authors observed inhibitions of protein synthesis, 
indicated by decreased incorporation of leucine- 1-- (14C), in lenses 
treated with glu.cocorticosteroid as opposed to the mineral 
corticosteroid aldosterone, which produced no such decrease. 
31. 
7. Metabolism and Cataract 
Metabolic dysfunction, however induced, is a major cause in 
cataractogenesis. Metabolism is essentially a three step process 
- supply of nutrients, conversion and synthesis, and expulsion of 
waste products (Koch, Hockwin and Ohrloff, 1976), - and will be 
disturbed if any one step goes beyond the regulated limits, e.g. 
lack or excess of nutrients, enzymic block or hindered elimination 
of end products. A disturbed metabolism will lead eventually to 
changes in either or both the water content of the lens and the 
protein conformation within the lens due to changes in osmotic 
pressure, a common feature of many cataracts (Kinoshita, 1974). 
Different metabolic processes may be involved in different 
forms of cataract, e.g. carbohydrate metabolism in diabetic and 
sugar cataracts, lipid metabolism in triparanol and some other 
drug induced cataracts and protein synthesis in deficiency and 
steroid cataract. Metabolism may also be disrupted by the effect 
of a toxic substance within the lens, as in the case of napthalene 
cataract, or by some external agency, as in the case of radiation 
cataract. Some of these cataract types will be discussed more 
fully. 
(i) Diabetic and mar Cataract 
(a) Epidemiolou 
The incidence of cataract in association with Diabetes 
mellitus was first observed by Berndt in 1834 and by many others 
since. Bellows (1944) cites a number of cases where cataract had 
been diagnosed in diabetic patients but only a small percentage 
(1 -2 5) were true cataracta diabetica (see following section), the 
rest being due to the early onset of senile cataract. True 
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diabetic cataract is more frequent in children and may be observed 
in up to 20% of patients (O'Brien et al., 1934). Opacities 
usually occur during adolescence, although Major and Curran (1925) 
recorded a case in an 11 month old infant and Lawrence (1946) found 
trap lent opacities in older patients with poorly controlled 
diabetes. Bellows considers 40 years as the age limit beyond which 
true diabetic cataract cannot be confidently diagnosed, but other 
authors have set a lower limit; Gray (1933) at 36 years and O'Brien 
et al., (1934) at 33 years. In older patients, statistical 
analysis is necessary to determine whether cataract may have some 
diabetic origin. Gallus (1919) and Poulard (1923) denied that 
the diabetic state might contribute to cataract formation and 
Kirby and Weiner (1933) maintained that tendency to diabetes, as 
indicated by decreased sugar tolerance, and cataract are both 
manifestations of the ageing process but without any cause and 
effect relationship. Romer (1912) thought that diabetes might 
lead to an identifiable characteristic cataract at any age, but 
many opthalmologists including Shepherdson and Crawford (1931), 
Duke -Elder (1925) and Kirwan (1933) believed in the aggravation by 
diabetes of opacification of the lens initiated by senility. 
Kirwan (1933) observed the increased incidence of early senile 
cataract in association with diabetes in Bengal where there is a 
high incidence of diabetes developing in early middle life and 
Anthonisen (1936) showed that in every age group from 25 to 75 
years, the incidence of cataract in diabetic patients was greater 
than would be anticipated from the statistics for the general 
population. Chaikoff and Lachiann (1933) carried out an experiment 
where 8 out of 10 prancreatectomised dogs developed cataract within 
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two years while no cataract developed in a large number of control 
animals. The importance of poor diabetic control in cataracto -- 
genesis in diabetic dogs was also demonstrated by Ricketts et al., 
(1959) and in alloxan diabetic rats by Patterson (1951). 
Patterson (1952) also related cataract formation to the severity 
of hyperglycaemia; rats with high blood -sugar values developed 
cataract in 8 to 10 weeks bilaterally while those rats with low 
blood -sugar values developed cataract more slowly with the lesion 
sometimes being unilateral. Thus, in the thirties there was much 
controversy concerning the cause and effect in this form of 
cataract, but some statistics, which were subsequently demonstrated 
and accepted, showed that cataract extraction is more common in 
diabetics (Caird, Hutchinson and Pirie, 1964; and Burditt and Caird, 
1968) and that diabetics requiring cataract extraction have poorer 
control of diabetes than the average diabetic without cataract 
(Caird, Hutchinson and Pirie, 1964). 
Recent studies (Irvine, 1977), have indicated that the previous 
classification of iodiopathic diabetes mellitus as juvenile -onset 
and maturity -onset types or insulin- dependent and insulin- independent 
types is unsatisfactory since insulin dependence or independence 
may be present in both juvenile and maturity- onset types of the 
disease. Autoimmunity and histocompatibility studies, have, 
however, differentiated two types of the disease based on the 
presence or absence of pancreatic -islet cell antibodies (I.C.A.) 
in the serum correlating with prevalence or non -prevalence of the 
HLA marker, B8; presence of I.C.A. and increased prevalence of B8 
indicating insulin dependence and absence of I.C.A. with no 
particular prevalence of any HLA phenotype indicating insulin 
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independence (type II). While these differences are irrespective 
of age, type I tends to occur under the age of 35 while type II 
tends to occur above that age. This would account for the 
differences in opinion during the thirties regarding the dividing 
line above which the true diabetic cataract could not be diagnosed 
with certainty. A survey of the incidence of cataract in the two 
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types of the disease as described by Irvine, would be useful in 
determining whether the HIJA system is important in the aetiology 
of cataract. That this is a possibility is predicted by the role 
played by membranes in the formation of certain cataracts, 
especially those involving vacuolarisation and the formation of 
clefts due to imbibition of water and the separation of fibre cells 
which are usually tightly packed and whose membranes are highly 
interdigitated. 
(b) Pathology 
The morphology of diabetic cataracts was described by O'Brien 
and Allen (1942.) and they differentiated between two forms: - 
1. The "true" diabetic cataract, characteristic of the 
disease. 
2. A form similar to senile cataract but with early 
onset and maturing more rapidly. 
The true diabetic cataract occurs primarily in juveniles, is 
bilateral, simultaneous and shows rapid onset and early maturity. 
Opacities consist of blue or white punctate opacities scattered in 
the anterior and posterior subcapsular areas. The dots often 
become confluent in the posterior subcapsular area giving a saucer 
shaped opacity, granular in nature and perhaps containing irrid- 
escent crystals. As the cataract develops, vacuolisation of the 
entire subcapsular area occurs and clefts may form between the 
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lenticular fibres. The second type of opacity involves sclerosis 
of the lens nucleus in adult diabetics and they have been found to 
be similar to non -diabetic senile cataracts both histologically 
(Gordon, 1949) and biochemically (Carey and Hunt, 1935) although 
more recent studies have elucidated the biochemical situation 
(van Heyningen, 1959 and 1962; Kinoshita et al., 1962a,b; 
Kinoshita, 1963). 
The pathogenesis of cataract formation in diabetes mellitus 
is still not fully understood but evidence suggests that altered 
osmotic relationships may be the underlying cause. Duke -Elder 
(1925) described cataractogenesis in diabetics as being due to the 
denaturing action of radiant energy in the presence of excess 
sugar and acetone. If the sugar concentration was high then the 
salt concentration must drop to maintain the osmotic balance, but 
since sugar transport is slower than sait transport, the lens will 
take up water from the aqueous which will have a lowered osmotic 
pressure. This causes swelling of the lens and myopia and if 
hydration is very severe, vacuoles will form under the capsule, 
the lamellae will separate and transparency will be impaired. 
Van Heyningen (1959) first studied the carbohydrate metabolism in 
the rat lens where cataract had been induced by high levels of 
xylose and galactose and by alloxan induced diabetes. She found 
in the lens, high levels of xylitol, dulcitol and sorbitol 
respectively, thus demonstrating the presence of an aidose 
reductase enzyme and assumed the reduction of glucose to sorbitol 
as a normal metabolic process. Kinoshita et al., (1962a,b) also 
demonstrated the accumulation of dulcitol in the lens of galactose 
fed rats and suggested that the hypertonic condition thus created 
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would lead to a net increase in water content sufficient to cause 
rupture of the lens fibres. This would explain the histopatho- 
logical changes occurring in the initial phase of experimental 
galactose cataract. The enzymatic process which accounts for the 
production of sorbitol when glucose levels are raised is explained 
by van Heyningen (1962) and Kinoshita (1963). They both demon- 
strate that hexokinase, the enzyme which phosphorylates glucose in 
the first stage of glycolysis, has a higher affinity for glucose 
than aldose reductase, but as glucose levels are raised, the 
hexokinase becomes saturated and excess glucose is available to be 
converted. 
Ac alternative to insulin therapy has been suggested by 
Chylack and Kinoshita (1969) and Gabbay and Kinoshita (1972) who 
demonstrated the inhibition of aldose reductase by various chemicals 
thus preventing the accumulation of sorbitol and delaying 
experimental cataract. Various flavanoids were tested in vitro 
( Vareta and Kinoshita, 1976) and quercetin proved effective at low 
concentrations (105M). Topical application of quercetin to 
g-alactosaemic neonatal rats (Beyer -Mears and Farnsworth, 1979) was 
found to reduce fluid accumulation and maintain interdigitation of 
the cortical fibres without affecting the lens growth rate. 
(ii) Miotic Induced Cataract 
Glucose metabolism has also been shown to be disturbed by the 
cholinesterase inhibitor drug, demacarium (Michon and Kinoshita, 
1968a,b). This is one of a number of miotic drugs used to treat 
glaucoma and causes increased lactate production and increased 
oxygen consumption. Other miotic drugs which have been associated 
with the production of anterior and posterior subcapsular 
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vacuolarisation and cataract include disopropyl fluorophosphate, 
paraoxon and echothiophate iodide. As well as disturbed glucose 
metabolism, Michon and Kinoshita (1968a,b) found increased amounts 
of sodium and water and decreased amounts of potassium in treated 
lenses and suggested that the primary lesion caused by these drugs 
is increased lens permeability since changes in sodium and 
potassium levels are observed even in a hyperosmotic environment 
where the lens is prevented from swelling. 
philipson et al., (1979) studied the eubcapsular cataracts 
induced by echothioplate iodide in monkey lenses. Light and 
electron microscopy revealed radial patterns of vacuoles and 
enlarged intercellular spaces containing membrane fragments and 
other amorphous material which was possibly protein. These authors 
make no suggestion as to a possible mechanism but the observations 
indicate some possible effect on membrane synthesis which would 
account for the increased permeability suggested by Michon and 
Kinoshita (1968b), and the subcapsular site of the lesion where 
there is a high rate of membrane synthesis. 
(iii) Triparanol Cataract 
Vacuolarisation causing anterior and posterior subcapsular 
opacities due to triparanol, a cholesterol reducing drug, has been 
observed clinically, (Kirby, Acher, Perry and Winklemann, 1962), 
and has also been induced experimentally in rats (von Sallmann, 
Grimes and Collins, 1963). Recent work by Harris and Gruber (1969, 
1972, 1973), Rathbun, Harris, Vagstad and Gruber (1973) and Rathbun, 
Hough, Gruber and Harris (1978), has shown triparanol cataract in 
rats to be totally reversible and that factors involved such as 
increases in sodium and water content and decreases in total protein, 
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(characteristics of most cortical cataract), return to normal as 
the cataract clears. In studying metabolism with this system, 
these authors made a number of observations; only one of two 
sodium pumps present in the lens was affected, (Harris and Gruber, 
1972), transport oft- aminoisobutyric acid was decreased, (Harris 
and Gruber, 1973) and glutathione levels remained unaffected 
(Rathbun, Harris, Vagstad and Gruber, 1973). These findings, 
since they involve membrane properties, and since triparanol 
affests lipid metabolism suggest that cataractogenesis is due to 
some disturbance in this metabolism as originally suggested by 
von Sallmann, Grimes and Collins, (1963) and Mizuno et al., (1974). 
Anterior and posterior subcapsular opacities were also induced 
in rats by the amphiphilic drugs iprindole (an antidepressant) and 
Chloroquine (an antimalarial and antirheumatic drug) which affect 
lipid metabolism (Drenckhahn and Lullmann- Rauch, 1977). Rats 
treated with non -lipidosis- inducing analogues showed no sign of 
cataract. The subcapsular regions are most susceptible, say the 
authors, since they have a high lipid turnover and inhibition of 
lipid metabolism will cause a lack of molecular residues required 
for membrane synthesis. 
(iv) Dietary Deficiency Cataract 
An example of cataract due to dietary deficiency is that 
caused by a lack of the essential amino acid tryptophan (Koch, 
Hockwin and Ohrloff, 1976). This opacity, a posterior subcapsular 
cataract, has been produced experimentally in rats (Buschke, 1943) 
and guinea pigs (von Sallmann, Reid, Grimes and Collins 1959). 
Buschke (1943) describes two types of opacity; acute, where 
feathery opacities occur in the posterior cortex followed by 
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perinuclear and nuclear opacification so that the whole lens 
becomes opaque in a short time, and chronic, where dot -like 
opacities occur subcapsularly with the rest of the cortex and 
a 
nucleus remaining transparent. Histolo gical studies ( Mó Avoy and 
van Heyningen, 1976) have shown that tryptophan deficiency interferes 
with terminal differentiation of the fibre cells so that nuclei do 
not disappear as early as in normal lenses thus affecting the 
structure and transparency of the cortical fibres. 
The authors suggest that while DNA breakdown is disrupted, 
RNA breakdown is not. If this is the case and it is combined with 
reduced protein synthesis due to amino acid deficiency, then it is 
likely that DNAase enzymes will be affected more so that denucleation 
will depend on the levels of DNAase already present which will 
continue to decrease if no synthesis is being carried on. Lack of 
an essential amino acid must, by definition, affect protein 
synthesis. While earlier workers employed decreased levels of 
tryptophan in the diet (van Heyningen, 1976),Ohrloff et al.,(1978) 
decided to feed rats on a tryptophan -free diet. Like van Heyningen 
(1976),they observed a slower growth rate of the lens during 
treatment in that both the wet and dry weights were lower than 
normal suggesting that protein synthesis is decreased. When the 
protein contents of the posterior and anterior portion of the lens 
were studied, ( Ohrloff et al., 1978), no difference could be found 
in the extent of decreased synthesis between them, although 
opacification occurs only posteriorly. They also suggested that 
all crystallin .c,1S- and á -, were affected, though Dische et al., 
(1959) found a decrease mainly in theA- cryatallins. But the 
comparison is not justified since Ohrloff et al., analysed proteins 
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from the anterior and posterior subcapsular regions only and not 
from the whole lens as Dische had done. Also, Dische used only 
a decreased tryptophan content in the diet while Ohrloff et al., 
used a tryptophan -free diet. Thus, in the case of the latter, all 
proteins requiring tryptophan and being synthesised during the 
course of the experiment will be affected while in the presence of 
srmll amounts of tryptophan, there may be some preferential effect 
if crystalline are synthesised at different rates or at different 
(w,0 
times. Ohrloff et al., suggest that protein synthesis is not 
permanently damaged since the cataract is reversible when tryptophan 
is reintroduced to the diet. This is not a logical conclusion 
from this data since what they observe is a resumption of normal 
metabolism in fibres being laid down post hoc while the opaque 
fibres become compressed but remain opaque and form a cuplike 
granular cataract separated from the subcapsular regions and 
presumably unaffected by the higher levels of tryptophan which may 
not be transported to the inner regions of the lens. 
(v) Steroid Cataract 
Posterior subcapsular cataracts (PSC) are generally associated 
with exposure to toxic agents, posterior intraocular disease, 
ionising radiation or blunt trauma. Black et al., (1960) were the 
first to notice PSC in four rheumatoid arthritis patientswho had 
not been exposed to any of the above aetiological factors but had 
received prolonged treatment with synthetic corticosteroids. 
From a survey of forty seven patients receiving corticosteroid 
therapy and nineteen control patients (66 rheumatoid arthritis), 
17 treated patients (39%) and no controls developed PSC. No 
correlation could be made with the degree or duration of the disease 
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while dosage and duration. of corticosteroid therapy correlated 
markedly. Studies by Giles et al.,(1962) supported their findings 
- a 37¡% incidence of PSC in patients treated with corticosteroids, 
the dosage and duration of therapy being the major determining 
factor in the formation of the cataract. Williamson et al., (1969), 
in response to the observations made by the above authors plus others 
(Oglesby et al., 1961; Crews, 1963; Spencer and Andelsson, 1965) 
who found a relationship between corticosteroid therapy and the 
incidence of PSC with a range of 12.5 to 60%, carried out a survey 
of 365 patients, approximately half of whom had received long term 
therapy of systemic corticosteroids. They found an incidence of 
PSC in 6% of the treated and 0.6% of the non -treated patients with 
a relationship between the degree of opacity and the dose and 
duration of therapy. Another study by Kern, Zaruba and Scheittin 
(1970) on the ocular side effects of immun.osuppressive therapy in 
kidney transplant patients also showed an increased incidence of 
cataract of the type associated with steroid therapy and dependent 
on the dose and duration of therapy. The subcapsular cataract 
occurring in 13 out of 28 patients whose average age was 
5pt..taA eoJs 
approTinvoltely 31 years (the average incidence of cataract at this 
age is 0.6 %)could be differentiated from a second type of punctate 
opacity which was due to renal dysfunction and occurred in five of 
the patients 
The question raised by these observations is that there is an 
increased incidence of cataract in patients treated with corti- 
costeroids and while the morphology of the cataract is character- 
istic, why does steroid not induce cataract in everybody? Is some 
other cataractogenic agent involved and if so unless only one agent 
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is involved, why is the morphology consistent? Or is there some 
Inherent genetic influence which predisposes liability on a 
certain percentage of the population? To answer these questions, 
a study of experimentally induced cataract is required where the 
necessary controls can be included. However, the association of 
drug and lens opacification which could be observed in humans, 
could not be produced experimentally in rats, rabbits or chickens 
(Bettman et al., 1968). Steroid cataract has been induced in 
s 
guinea pigs, however, by Friedburg, Kroner and Rosentiel (1974) 
who also observed that, while glucocorticoids would produce a 
specific effect, mine.locorticoids (aldosterone in this case) did 
not produce cataracts. Their studies on the biochemistry showed 
that intravitreal injection of methyltrednisolene caused a transient 
increase in sodium concentration associated with the appearance and 
disappearance of subcapsular vacuoles. Transient vacuolarisation 
is probably due to water imbibition during the time of increased 
sodium concentration or alternatively to injection trauma which is 
gradually overcome. What they consider as more important in the 
mechanism of steroid cataract is the decreased(14C) leucine 
incorporation which they observe, as being more permanent than the 
cation level &Tinges. If steroids do inhibit protein synthesis 
then the effect over a long period of therapy would be expected to 
be cumulative and have severe consequences. 
A series of studies by Ono, Hirano and Obara (1972 a,b,c and 
1973) elucidates the role of cortisol metabolism within the lens in 
cataractogenesis. They found that cortisol in the lens underwent 
sulphate and glucomide conjugation or became bound to proteins, 
-crystallin in particular. Species differences were found in 
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conjugation activity between human, bovine, rabbit and rat, human 
lenses having the highest activity and the authors suggested that 
this was related to interspecies differences in steroid hormone 
metabolism. In comparisons between normal and cataractous human 
lenses, a decrease was observed in sulphate conjugation which they 
related to the decreasing availability of thiol groups as proteins 
becomes cross -linked by disulphide bonds during cataractogenesis. 
Inactivation of cortisol in the lens whether by protein 
binding or sulphate and glucoimide conjugation is important since 
cortisol, when active, has an inhibitory effect on protein turnover. 
Ono, Hirano and Obara, (1972,c and 1973) related cortical 
inactivation to the action of the liver, adrenal gland and pituitary 
gland. Liver dysfunction leads to decreased protein binding and 
sulphate conjugation of cortisol as does hypophysectomy (in this 
case the trend can be reversed by addition of growth hormone) and 
adrenalectomy. 
These results give support to earlier observations on steroid 
cataracts in that, if cortisol is stable in the lens, the effect 
would be cumulative as dose and duration of therapy increased. 
Also the appearance of cataract only in some treated patients may 
reflect variance between individuals firstly in their ability to 
metabolise steroids and secondly in their capacity for inactivation 
of cortisol within the lens. One anomaly which remains is why rats 
and rabbits, while having a lesser capacity to inactivate cortisol, 
did not produce cataract after steroid treatment in the earlier 
studies. 
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(vi) NaIithalene Cataract 
A typical example of an opacity due to the influence of a 
toxic substance is that of naphthalene cataract. Naphthalene 
intake causes swelling of the lens, vacuolisation and opacification 
of the cortical fibres beginning in the posterior cortex. The lens 
increases in weight and volume due to water imbibition and becomes 
histologically similar to senile cataract, (Hollwick, Boateng and 
Kolek, 1975). Incidences of naphthalene cataract in man were 
recorded by Caspar, (1917) (cited by Hollwick, Boateng and Kolck, 
1975) and by Ghetti and Maraini (1957) (cited by Hollwick, Boateng 
and Kolck, 1975) and by van Heyningen and Pixie (1967) . Adams 
(1930) reviews the early observations made on experimentally 
produced naphthalene cataract and suggests that the effect is 
brought about by metabolic disturbance rather than by a specific 
toxin action. The biochemistry of naphthalene cataract formation 
was elucidated by van Heyningen and Pine (1967) who implicated in 
the metabolism, 1, 2- Naphthaquinone, which is not included in the 
scheme suggested. by Boyland (1963) (which they cite), but which 
they suggest is formed in the eye. They found that 1, 2- Naphtha- 
quinone reacted with lens protein in vitro to form a brown stable 
compound and that similar compound could be extracted from the 
lenses of naphthalene treated rabbits. Rees and Pixie (1967) 
separated cortical and nuclear protein from bovine lenses and 
removed at -crystallin from both before adding 1,2- naphthaquinone. 
Nuclear proteins, which are á- crystallin rich, precipitated 
quickly and all the protein from the nuclear extract had precipitated 
when only half that of the cortical extract had. The difference in 
precipitability, they suggested, is due to the thiol content of lens 
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proteins, that of ' -crystallin being high (Bjork, 1961) and that of 
oc -crystallin being low (Kinoshita and Merola, 1958). Insolubil- 
isation of lens protein in cataract is often due to SH oxidation 
and this was found to be the case in naphthalene cataracts where 
the lens opacity is reflected by an increase in insoluble protein 
with a concomitant decrease in sulphydryl group (Ikemoto and Iwata, 
1978) . 
Naphthalene induced cataracts in rats and rabbits seem to be 
different (van Heyningen, 1979) and in the rabbit, the response to 
naphthalene was variable. Goldmann (1929) had induced naphthalene 
cataract in rat, but this work had proven unrepeatable (Koch, Doldi 
and Hockwin, 1976). The results of Goldmann (1929) and Lindberg 
(1922) (cited by Koch, Doldi and Hockwin, 1976) gave rise to the 
hypothesis of Koch, Doldi and Hockwin (1976) that pigmentation was 
significant in naphthalene intoxifications. They treated brown 
rats of varying pigmentation and found a correlation of pigment 
with degree of opacification. This correlation led them to 
suggest that the pigment synthesising enzyme phenol oxidase 
(tyrinase) is responsible for the formation of 1,2- naphthaquinone 
in the rat eye. In the rabbit eye, the quinone is formed by 
antoxidation of 1,2- dihydroxynaphthalene which may be formed in the 
eye from one of three precursors by three different enzymes 
respectively. Thus, there is a situation where the same toxic 
agent is reponsible for different forms of cataract in different 
species due to different variations in metabolism. 
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CHAPTER THREE 
AIM OF THIS STUDY 
In the two previous chapters, the structure of the lens and its 
protein content and the study of cataract have been described. 
However, investigation of the crystallins during cataractogenesis 
has been limited. Such investigations have been carried out for 
nuclear cataracts and have involved the measurement of protein 
insolubilisation with increasing nuclear colour ( Pinie, 1968, 
Dilley and Pinie, 1974 and Kramps et al., 1976), and the investi- 
gation of possible mechanisms of insolubilisation such as oxidation 
(Truscott and Augusteyn, 1977 a, b and c and van Haard, 1980) and 
cross -linking (vats Haard et al., 1978; and Harding, 1979). Work 
possibly 
has been concentrated on the nucleus of the lens /since 
opacities are easily classified according to colour while in the 
cortex, although the locus of thelesion is easily classified, the 
type of opacity i.e. whether it is due to the presence of water 
clefts or vacuoles or the deposition of granules, is perhaps more 
difficult to associate with protein changes but is linked rather 
to the cause; for instance diabetes is associated with anterior 
cortical opacities while cortticosteroid induced cataract is 
associated with posterior cortical opacities. Some work has shown, 
however, that the transparency of the lens can be disrupted by the 
presence of high molecular weight protein aggregates (Benedek, 1971) 
and investigation has shown how this may be brought about(Philipson, 
1969a,b and c; 
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1969a,b and c; Jedziniak et al., 1972, 1973 and 1975; Liem -The 
and Hoenders,1974; Liem -The, Stols and Hoenders, 1975; Liem -The 
Stols, Jap and Hoenders, 1975 and Liem -The et al., 1978). 
Some attempts at the identification of the crystallins involved 
in cataractogenesis have been made although it has been difficult 
to differentiate between cataractogenic changes and those due to 
ageing. It has been shown immunochemically that all of the 
crystallins are involved in the insolubilisation process characteristic 
of both aging (Manski, Behrens and Martinez 1968; Manski and Martinez, 
1971; Malinowski and Manski, 1980a,b and c and Manski et al., 1980) 
and cataractogenesis (York et al., 1972) and that, perhaps part- 
icular crystallins may be implicated in certain types of cataract 
e.g.6 -crystallin in steroid cataract (Ono, Hirano and Obara 
1972a,b and c) and a° -crystallin in naphthalene cataract (RSes 
and Pirie, 1967). Quantitative studies have shown disproportionate 
changes in the crystallins; Tapaszto (1962) and Roy and Spector 
(1976) found preferential loss of ó -crystallin in human cataracts 
while Day and Clayton (1972) found preferential loss oft- and 
g- crystallin in the CatFr hereditary cataract in the mouse, a result 
also found by Bours et al., (1978) studying triparanol- induced cataract 
in the rat. 
These results have illustrated the major protein changes which 
may take place during cataractogenesis in particular situations 
and, in many cases, analyses have been carried out on pooled 
material using methods of crystallin separation of moderate resolving 
power. In this study, work has been carried out to determine whether 
differences,/ 
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differences, based on the protein profiles, can be distinguished 
between cataracts of differing morphopathology. The hypothesis, 
based on the evidence that there is an ontogenic shift in the 
crystallin composition of successively formed fibres (Clayton, 1974) 
and therefore, that the protein composition varies quantitatively 
.doer f .per 
in differed regions of the lens (Bours et al. 1976 ) and also with 
Weber et al 
age (Bours,1976; Bours,1978 and Bours et al., 1978) is that the site 
and nature of the lesion within the lens must be reflected by the changes 
in the crystallin profile. In order to prove the hypothesis, indiv- 
idual lenses were analysed by a high resolution technique, iso- 
electric focusing in dissociating conditions (as opposed to the non - 
dissociating conditions employed by Bours (1971) and Kramps et al. 
(1976)), so that quantitative measurements could be made on indiv- 
idual polypeptide chains in both the water soluble (;!.S.) and urea 
soluble (U.S.) fractions of the lenses. The protein profiles of 
lenses of similar morphopathology could be compared for similarity 
of their protein content and lenses of different morphopathology 
compared to reveal differences between them in their protein content. 
Should valid subgroups be established, then, by this method, iden- 
tification of differences amongst the protein profiles of lenses 
of similar morphopathology would be an indication to look for 
some aetiological factor which may have caused the differences, for 
instance the occurrance of some disease, such as diabetes, or the use 
of particular drugs, such as corticosteroids, in the patients history. 
Five hundred and six lenses, which had been examined in vivo 
to/ 
49. 
to obtain a detailed description of the opacities, were collected 
after surgery and measurements of weight made on them before 
separation into water soluble and urea soluble fractions. In 
chapter five, general information on thelenses is listed and from 
that, it can be seen that the information is comparable with that 
found in the literature although some discrepancies do arise. 
Having established that, for instance, the protein content of 
the lenses and the protein concentration of the W.S. and U.S. 
fractions are in agreement with previous findings comparisons 
of the protein profiles of lens grouped according to nuclear colour 
and cortical involvement are made in chapter six. Further, in 
chapter seven,comparisons are made between lenses of similar 
morphopathology but of differing aetiology; in this case involving 
lenses from diabetic patients, lepers and patients with retinitis 
pigmentosa. 
In addition to this study on the protein chemistry of the lens, 
which is still being carried on,a more detailed survey has been 
going on, and is continuing, in which a detailed history, including 
information on the social background, medical history, ophthalmic 
record and clinical chemistry record, has been recorded for a 
population of patients and controls and stored in a computer. This 
survey has necessarily involved a large group of people from 
different disciplines - medicine, ophthalmology, clinical chemistry, 
statistics and biology - and the collection and handling of the 
data was not carried out personally although the handling of some of 
the computer results was. The results of this survey to date 
are/ 
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are considered in chapter eight and discussed in relation to some 
other epidemiological studies. 
Considering all of this data together, it will be shown that 
the term "senile cataract ", as a classification, has little 
meaning since it will be shown that the population of lenses may 
be subdivided according to their morphopathology and related 
protein chemistry and also, that a number of single variables 
can be associated with the incidence of cataract. 
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CHAPTER FOUR 
MATERIALS AND METHODS 
1. Lenses. 
Post -operative cataractous human lenses were frozen immediately 
on removal to -20oC and then stored in liquid nitrogen until analysis. 
Accompanying the lenses were detailed morphological descriptions of 
the opacities which were observed by ophthalmoscope and slit -lamp 
microscope examination before surgery. Also available for the first 
four hundred from the Princess Alexandra Eye Pavilion, Edinburgh, 
were relevant data from the clinical history. On the initiation of 
an epidemiological study, a more extensive history, including data 
on the social and domestic background as well as the clinical history 
and ophthalmological record, of the patient was obtained (Appendix A). 
Some of the lenses included in this study were from patients 
involved in the epidemiological study and the information from them 
plus that from subsequent patients and controls (896 patients and 
controls constitute the population surveyed at the present time) 
has been analysed by computer using the Statistical Package for the 
Social Sciences (S.P.S.S.) program package (Nie et al., 1975). The 
statistical results, using the t -test or A,2 -test according to the 
nature of the variable, are discussed in chapter eight. 
Also included in this study are a series of ten cataractous 
lenses from patients with retinitis pigmentosa. These lenses were 
transported on CO2 snow from various parts of the country and then 
stored/ 
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stored in liquid nitrogen until analysed. 
Thirty four lenses from Korea, all but one from a leper colony, 
plus lenses from India, Sri -Lanka, Lebanon and Libya (the latter four 
groups being only mentioned since analysis is not complete) were 
transported in saturated ammonium sulphate. 
2. Preparation of the Lenses. 
Lenses were weighed (excluding those transported in saturated 
ammonium sulphate) and homogenised individually in lml. O.O1M phosphate 
buffer, pH 7.2, containing 10mM A -mercaptoethand (fME). Those lenses 
transported in saturated ammonium sulphate were dialysed against the 
same buffer after homogenising in order to remove the ammonium sulphate. 
The homogenates of the lenses which were weighed were also weighed 
and 20u1 aliquots were weighed wet, dried in an oven and then weighed 
dry. In this way the dry weight and subsequently the percentage dry 
weight of the lens could be calculated. 
Wet weight of homogenate 
Dry weight of homogenate - x Dry weight of 20u1 aliq 
Wet weight of 20u1 aliquot 
Dry weight of lens = Dry weight of homogenates - Dry weight of lml buffer. 
This procedure was carried out in duplicate for each lens and the 
homogenate 
average taken as the value for the dry weight. The remaining /was used 
to prepare the water soluble and urea soluble protein fractions (Figure 
4.1). 
Each homogenate was centrifuged for 10 minutes at 10,000g and 
the supernatant retained as the water soluble (W.S.) fraction. The 
remaining pellet was washed six or seven times in the buffer to ensure 
'exhaustive extraction of the W.S. proteins. This was sufficient to 















































































































































































































































































using the Biorad Protein Concentration Assay Kit. The pellet was 
then resuspended in lml of 8M urea in 0.01M phosphate buffer plus 
10mM ME and left overnight at 4oC. The suspension was then centri- 
fuged for 30 minutes at 15,000g and the supernatant retained as 
the urea soluble (U.S.) fraction. The remaining pellet was washed 
six to eight times in the urea buffer to extract all the U.S. 
protein before being washed in distilled water to remove the urea. 
The final pellets from all the lenses have been retained and stored 
in liquid nitrogen for future membrane protein analysis. 
3. Analysis of the W.S. and U.S. Protein Fractions Using Iso- electric 
Focusing (I.E.F.) 
Iso- electric focusing in dissociating conditions using rod gels 
was carried out on both W.S. and U.S. fractions using a modified 
method of that used by Wrigley (1968). The gels contained 7.5% 
(W /V) acrylamide, 6M urea, 10mM $ -ME and 0.08% (V /V) of three 
ampholyte carriers (pH 3.5 -10, pH 4 -6 and pH 6 -8 respectively) (Burns, 
1975). This method separates proteins on the basis of their iso- 
electric points. 
Preparation of the gels. 
The following stock solutions were prepared:- 
(A) 1% (v /v) N,N,N1,N1 - tetramethylethylene- diamine (TEMED) in dis- 
tilled water. 
(B) 30g. acrylamide plus 0.8g. N- Methylene bisacrylamide made up to 
lOOmis. with distilled water. 
(C) 27g. urea plus 50mg ammonium persulphate made up to 50m1s. with 
distilled water. (This solution was freshly prepared before use). 
The gel mixtúre was prepared by mixing 0.8ml. 1% TEMED, 8.Om1 
ammonium/ 
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ammonium persulphate -urea solution and 0.1m1 of each of the ampholines 
of the ranges pH 3.5 -10, pH 4 -6 and pH 6 -8. Finally 3.0m1 30% 
acrylamide solution was added, and the gel mixture degassed before 
pouring. The gel mix was pipetted into glass tubes of 0.5mm internal 
diameter, which were sealed at one end with plasticine and marked 
so that the gels would be 9.5cm in length, and overlayed with iso- 
butyl alcohol so that a flat interface was achieved. 
Preparation of I.E.F. Apparatus. 
The upper tank (anode) electrode solution consisted of 0.2% 
sulphuric acid containing lOmM g ME. The reducing agent was added 
to prevent reassociation of the subunits. The lower tank (cathode) 
electrode solution consisted of 0.4% ethanolamine containing 10mM $ ME. 
Twenty four gels in their tubes were placed vertically between the 
upper and lower tanks so that the ends of the gels were equidistant 
from the platinum electrodes. 
Iso- electric Focusing Procedure. 
A pre -run solution was prepared as follows - 150mg sucrose 0.1m1 
Ampholine (pH 3.5 -10) and 31.2u1/ ME made up to 4ml with distilled 
water. 50u1 of this solution was applied to the surface of each gel 
and an electric current of 0.5 m A /gel applied for thirty minutes. 
The current ran from the anode to the cathode. 
A dissociation solution was prepared so that it consisted of 
11M urea, 100mM ( ME and 10% sucrose (W /V) in distilled water. Equal 
amounts of protein sample and dissociating solution were mixed and 
added to the gels after the pre -run. Approximately 400pg of protein 
were run per gel and aliquots of the W.S. and U.S. fractions were run 
simultaneously. / 
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simultaneously. An electric current of 0.5 mA /gel was applied for 
eighteen hours to allow complete separation and focusing. By the 
end of the run, the current drops to <]mA for the whole tank while 
the voltage increases from 45 to 450+ volts. The pre -run and the run 
proper were carried out at 4 °C. 
Staining of the Gels. 
The gels were removed from the glass tubes after 18 hours of 
focusing and fixed in 10% trichloroacetic acid (TCA) for 30 minutes 
at 65 °C. This procedure fixed the proteins and also removed the 
ampholyte carriers from the gels. The removal of the ampholytes is 
necessary to ensure a clear background after staining. 
After thirty minutes the gels were transferred to a staining 
solution consisting of 0.2% Coomassie brilliant blue R (W /V) in a 
45% ethanol : 45% H O : 10% glacial acetic acid mixture. Staining was 
30 2 
carried out for /minutes at 65 °C. 
Destaining of the gels, to remove the background stain was carried 
out at 65 °C in a 25% ethanol : 65% H2O : 10% glacial acetic acid 
mixture, replacing the mixture as necessary. Completion of the de- 
staining process was carried out in 7% acetic acid (v /v) at 65 °C and 
the gels stored at room temperature in 7% acetic acid (v /v). 
Scanning of the Gels. 
The stained gels were scanned on a Kipp and Zonen /Skalar KS3 
microdensican and traces obtained on a' Bryans XY Recorder 25000 A4. 
Simultaneously the areas under the peaks were integrated and expressed 
as a percentage of the total area under the graph. The traces for 




were superimposed and /composite standard trace obtained by 
drawing the curve through the mean values for each peak and trough. 
In order to facilitate identification of the peaks, the traces were 
divided arbitrarily into six areas and the bands numbered within 
these areas. Mean percentage values for the areas under the peaks 
were also calculated to allow statistical analysis. 
4. Electrophoresis in SodiumDodecylSulphate (S.D.S.) Polyacrylamide Gels. 
This procedure, based on that of Araki and Okada (1978), separates 
protein on the basis of molecular weight and uses slab rather than 
rod gels. 
Preparation of the gel. 
The following stock solutions were prepared: - 
(A) 30g acrylamide plus 0.8g N- N'ethylene bisacrylamide made up to 
100 mis. with distilled water. 
(B) 0.75M Tris (hydroxymethyl) aminomethane (TRIS) pH 8.8. 
(C) 0.25M TRIS pH 6.8. 
(D) 10% W/V Sodium laurylsulphate (S.D.S.) 
(E) 10% W/V Ammonium persulphate. 
The gel consists of two phases, one upper or stacking gel 
and one lower separating gel. The lower gel is made by mixing 2Om1s. 
30% acrylamide solution, 25ml. 0.75M TRIS, 0.5ml. 10% S.D.S., 9m1. 
H2O, 0.2ml. 10% ammonium per sulphate and 2Ou1 TEMED. The upper gel 
is made by mixing 2.5ml. 30% acrylamide, 5m1. 0.25M TRIS, 0.25m1. 
10% S.D.S., 17ml. H2O, 0.1m1. 10% ammonium persulphate and lOul TEMED. 
Two glass plates were prepared by sealing three sides with a 
gasket and the lower gel mix poured to a depth of 14cm. This was 
overlayed/ 
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overlayed with water until set and then the upper gel mix was used 
to replace the overlay and an appropriately sized comb positioned 
so that wells were formed for protein application. 
Preparation of the S.D.S. Apparatus. 
The gasket and comb were removed from between the glass plates 
and the gel with glass plates positioned vertically in an electro- 
phoresis tank. The buffer was the same in each reservoir and had a 
final composition of 2M glycine, 0.025M TRIS and 0.1% W/V S.D.S. 
The upper reservoir was the cathode and the lower tank the anode. 
Electrophoresis Procedure. 
A sample buffer whose composition was 0.025M TRIS, 2% (W /V) 
S.D.S., l0 %(V /V) glycerol, 5% (V /V)A;ME and 0.0002% bromopherol 
blue was prepared. Equal volumes of sample buffer and protein 
sample were mixed and placed in a boiling water bath for 90 seconds 
and then applied to the wells. A current (running from anode to 
cathode) of 10mA was applied to the gel while the protein passed 
through the stacking gel. Once the protein had stacked, the 
current was increased to 30mA and separation was completed after 
approximately 5 hours. 
Staining of the Gel. 
This was carried out as for I.E.F. gels except that the gels 
were not fixed but placed immediately in stain. 
5. Two -Dimensional I.E.F. /S.D.S. Gel. 
This procedure is a combination of the previous two methods 
whereby an I.E.F. rod gel is sliced longitudinally and a slice 
embedded in 1% agar above an S.D.S. slab gel. The methods for 
running the first demension (I.E.F.) and the second dimension (S.D.S.) 
are as described except that the I.E.F. gel is not fixed or stained. 
58. 
6. Gel Filtration Chromatography. 
Water soluble proteins were prepared from whole human lenses 
to give a final concentration of approximately 50mg /ml. The 
protein was separated into molecular weight fractions by gel 
filtration using either Sephadex G.100 or Utrogel AcA 54 poured 
in a 2.5 x 100 Pharmacia column. Elution was carried out using 
a 1% (W /V) ammonium bicarbonate solution at a pump rate of 1.4 -2x10 
on a Varioperpex pump. This allowed a fraction collection of 




CLASSIFICATION OF CATARACT GROUPS AND TESTING OF GENERAL PARAMETERS. 
The description of the morphological appearance of the opacities 
of the lenses analysed in this study was carried out in vivo by the 
surgeons concerned with the aid of the ophthalmoscope and the 
slit -lamp microscope. The lenses could then be classified 
according to nuclear colour, if any, and cortical involvement. 
Because the nucleus of the lens, when affected by cataract, appears 
coloured homogeneously, a single classification is required; this 
may be white, yellow, brown or dark brown. The cortex, however, 
may be affected by a number of opacities differing in appearance 
(cuneiform, coronary, punctate and cupuliform) and position 
(anterior polar or posterior polar). These lesions may also differ 
in morphology involving water clefts, vesicles or granules and they 
are not mutually exclusive. The degree of cortical involvement may 
be described as immature, mature or hypernature and in some cases, 
these descriptions are used without any details of morphology. A 
breakdown of the lens groupings and the number of lenses per group 
is provided in table 5.1. The group termed miscellaneous includes 
those lenses with multiple cortical involvement or those named plus 
punctate opacities since, individually, these groups are made up of 
only one or two lenses. 
The lenses were catalogued with respect to morphology along 
with information on the age and sex of the patients and the wet and dry 
weights and percentage dry weight of the lenses themselves. In this 
way, the groups could be tested for matching of these parameters by 






































































































































































































































































































































































































































In order to determine whether any type of cataract showed a sex 
bias, lenses were grouped in two ways to obtain suitable numbers for 
testing; in the first case according to nuclear colour regardless of 
cortical involvement (Table 5.2a) and secondly according to cortical 
type regardless of nuclear colour (Table 5.2b).Because there are 
minor groups not included in the latter case, the numbers are smaller 
than in the former which, in fact, represents the total population. 
Cataract Type Cataract Type 
No nuclear colour 88 54 142 No cortical involvement 35 8 43 
White nucleus 20 12 32 Tmmature cortical 44 27 71 
Yellow nucleus 55 26 81 Cuneiform 43 23 66 
Brown nucleus 152 85 237 Cupuliform 28 20 48 
Dark brown nucleus 8 6 14 Cuneiform + cupuliform 30 21 51 
323 183 506 
Mature cortical 67 45 112 
247 144 391 
(a) 742 = 0.93 Not stat. sig. (b) X2 = 7.80 Not stat. sig. 
Table 5.2 Sex distribution of cataract patients based on (a) nuclear 
colour and (b) cortical involvement. 
The ratio of females to males in the total population considered 
was 1.8 : 1 and, while some smaller groups would show a marked 
variation from this, overall this was consistent throughout the 
larger groups as shown by the X 2 test in table 5.d a) and (b). 
Age 
For the total population (minus one whose age was not known) 
the average age at the time of extraction was 71.4 years with a 
62. 
standard deviation of 12.2 years. However, the male population is 
significantly younger (1)4:0.0005) than the female population 
(Table 5.3)nd this is illustrated by the histogram in figure 5.1. This 
phenomenon obtains in the smaller groupings. 
TABLE; 5.3 Comparison of the average ages of the male and female 
population at the time of cataract extraction. 









Grouping the lenses as stated previously (table 5,4(a) and (b)) one 
group in each table - white nuclear cataract and cupuliform cataract 
respectively - shows a significantly earlier age of extraction; 
P4:0.01 and P.<0.05 respectively as calculated by means of analysis 
of variance. It may be that, in the latter case, the late age of 
extraction of hypermature cataracts also contributes to the 
statistical significance. However, the early age of extraction of 
the white nuclear and cupuliform cataracts might be expected since 
these two lesions would have a more immediate effect of impairment 
of vision than other opacities. Since no information on the age 
of onset or the rate of development of cataract is available, 
no comparison can be made with the assertion of Bellows and Bellows 
(1974) who stated that cupuliform cataract occurs at a younger 




















































































































































































































































































































































































































































































































































































































































































































































































































































































Wet Weight, Dry Weight and Percentage Dry Weight 
0/0 
It has been suggested (Hockwin, et 4Athat the age of the lens 
can be determined by measuring the wet weight which increases 
with age (Mehta and Maisel,, 1966). While this may be the case for 
normal lenses, in this study of human cataractous lenses no such 
relationship is exhibited. This lack of correlation might be 
expected since in some cataracts, there is an abnormal uptake of 
water due to osmotic imbalance, while in other cortical types, it 
may be the case that water loss takes place ( Maraini and Mangili, 
1973). It may also be the case that these processes occur at 
different rates in contralateral lenses so that the two lenses of 
one individual have different wet weights. 
Alternatively, since the lens is continuously growing, i.e. 
synthesising protein with a low turnover rate and laying down new 
layers of cells, the dry weight of the lens might be used as a 
measure of age since it will not be affected by water loss or 
uptake. However, in the case of cataractous lenses, it may be that 
protein synthesis is affected at the site of the lesion as suggested 
by Friedburg et al (1974), Koch (1976) and Ohrloff et al (1978) or 
that cell differentiation is affected (McAvoy and van Heyningen, 
1974). In this study, no relationship is observed between dry weight 
of the lens and age. 
Table 5.5. shows comparisons of some of the data found in this 
study with those of Maraini and Mangili (1973) and although a 
number of discrepancies can be seen in the wet and dry weight 
particularly - the trends are similar. 
Wet Weight 
When lenses are grouped according to nuclear colour, if any, 






































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































statistically significant difference in wet weight between groups 
of lenses with brown nuclei but different cortical involvement 
(P < 0.05 ) and similarly between groups of lenses with no nuclear 
colour but different cortical involvement (P < 0.05; those lenses 
with anterior or cuneiform opacities have a high wet weight and lenses 
with mature cortical involvement have a low wet weight. Although 
not statistically significant, a similar trend may also be 
observed in those lenses with white nuclei and those with yellow 
nuclei. The significance is increased, however, when lenses of 
similar cortical involvement are grouped together regardless of 
nuclear colour (P<0.01). (The figures for the groups termed 
miscellaneous are not involved in the comparisons). 
No statistically significant difference in wet weight is seen 
between lenses of similar cortical involvement but different 
nuclear colour although lenses with yellow nuclei consistently 
have a higher wet weight. Significance is achieved if all lenses of 
the same nuclear colour are grouped together regardless of cortical 
involvement and then compared (P<0.01). 
Dry Weight 
Analysis of the dry weights (Table 5.7) of lenses grouped 
according to cortical involvement on a specific nuclear background 
shows a trend in which the dry weight is less in those lenses with 
mature cortical involvement. This trend is only significant (P4.0.05) 
in lenses with brown nuclei and not in any other group. However, 
when the groups are combined so that cortical opacities are compared 
regardless of nuclear involvement, the difference is even more 
significant (P4;0.01), there being a decrease in dry weight in 
mature cortical cataracts and also in lenses with anterior polar 






























































































































































































































































































































































































































































































































































































































































































































If the lenses are grouped to compare dry weight of lenses with 
similar cortical involvement but different nuclear colour, there 
is no significant difference in any group although lenses with yellow 
nuclei consistently have a higher dry weight. However, when lenses 
are grouped according to nuclear colour regardless of cortical 
involvement there is a significant difference (P < 0.01) in the dry 
weight, yellow cataracts having the highest dry weight. 
% Dry Weight 
The % dry weight of a lens is a measure of the relationship 
between the wet weight and dry weight and therefore of the water 
content and amount of solid material in the lens. When the % dry 
weight (Table 5.8) of lenses of similar nuclear involvement but 
differing cortical opacities are compared, no significant 
difference is observed although those lenses with anterior or 
mature cortical opacities are low in each group. When the lenses 
of similar cortical involvement are grouped, regardless of nuclear 
colour, there is significant difference in the % dry weight 
(P<0.01), these lenses with anterior and mature cortical opacities 
having a low percentage. It may also be observed that lenses 
with cupuliform involvement have a higher % dry weight although 
this difference is not so marked. 
Lenses of similar cortical involvement but differing nuclear 
colour show no significant difference in % dry weight and when 
lenses of similar nuclear colour are grouped, regardless of cortical 



















































































































































































































































































































































































































































































































































































































































































































































































































































































































From the tables of results (Tables 5.6, 5.7 and 5.8) it can be 
seen that statistically significant differences may occur for each 
of the parameters - wet weight, dry weight and percentage dry 
weight - in each grouping of the lenses independently, i.e. the wet 
weights may show significant differences between groups of lenses 
without significant differences necessarily being present between 
the dry weights or percentage dry weights. It can also be seen 
from the tables that differences are present between groups differing 
in cortical involvement rather than nuclear involvement except, in 
the latter case, when they are combined. If the values of these 
parameters are grouped according to decreasing dry weight with 
respect to cortical involvement on particular nuclear backgrounds 
(Figures 5.2, 5.3 and 5.4+) or regardless of nuclear background 
(Figure 5.5) or with respect to nuclear colour regardless of 
cortical involvement (Figure 5.6), some patterns showing the relation- 
ships of these parameters for particular groups of cataract do emerge. 
The possible combinations include wet weight and dry weight being both 
high or both low, giving similar percentage dry weights, or one 
being high and one being low, giving differing percentage dry weights. 
Thirdly, there may be one of these combinations but with a percentage 
dry weight which is out of line. In this way, some indication of 
the role of the protein : water balance in certain types of 
cataract may be given. 
These cataracts with high wet weight include those cataracts 
usually associated with osmotic imbalance and water uptake, 
for example those affecting the anterior cortex and'with cuneiform 
morphology (Figures-5.2- 5.5)(Kinoshita, 1974) and those lenses 
with little cortical cataractous change eg. yellow nuclear cataracts 
Fig. 5.2. Comparison of the wet weights, dry weights and percentage dry 
weights (presented as the mean - 1 S.E.) respectively of cataractous 
lenses grouped according to cortical involvement on a clear nuclear 
background. In this case, there is statistically significant diff- 
erence (as tested by analysis of variance) between the wet weights 
only. The relationship of the wet, dry and percentage dry weights 























Fig. 5.3. Comparison of the wet weights, dry weights and percentage 
dry weights (presented as the mean ± 1 S.E.) respectively of cataractous 
lenses grouped according to cortical involvement on a yellow nuclear 
background. In this case, there is no statistically significant 
difference (as tested by analysis of variance) between any of the 
factors. The relationship of the wet, dry and percentage dry weights 



















YN YN YN YN YN YN STAT 
CUN CUP IMM CUN MAT SIG 
CUP 
Fig. 5.4. Comparison of the wet weights, dry weights and percentage dry 
weights (presented as the mean ± 1 S.E.) respectively of cataractous 
lenses grouped according to cortical involvement on a brown nuclear 
background. In this case, there is statistically significant 
difference (as tested by analysis of variance) between both the wet 
weights (p<0.05) and dry weights (p ,(0.05). The relationship of 
the wet, dry and percentage dry weights within groups is discussed 























BN BN BN BN BN BN BN BN STAT 
CUN CUP INN CUN ANT MAT MAT SIG 
CUP CUP 
Fig. 5.5. Comparison of the wet weights, dry weights and percentage 
dry weights (presented as the mean - 1 S.E.) respectively of cataractous 
lenses grouped according to cortical involvement regardless of nuclear 
colour. In this case, all three factors exhibit statistically signi- 
ficant difference; p <0.01 in each case (as tested by analysis of 
variance). The relationship of the wet, dry and percentage dry weights 

























NONE CUN/ CUP CUN DIM ANT ANT MAT HYP STAT 
CUP CUP SIG 
Fig. 5.5 CORTICAL INVOLVEMENT 
Fig. 5.6. Comparison of the wet weights, dry weights and percentage 
dry weights (presented as the mean 1 S.E.) respectively of cataractous 
lenses grouped according to nuclear colour regardless of cortical 
involvement. In this case, there is statistically significant 
difference (as tested by analysis of variance) between both the wet 
weights (p<0.01) and the dry weights (p L O.Ol). The relationship 
of the wet, dry and percentage dry weights within groups is discussed 








% dry wt. 
Fig. 5.6 
YELLOW BROWN RED/ WHITE CLEAR 








(Figure 5.3), whose wet weight and dry weight measurements (205 mg 
and 75 mg) are similar to those of normal lenses as measured by 
Mehta and Maisel (1966) and Maraini and Mangili (1973) both of 
whom find the wet weight and dry weight to be around 230 mg and 
70 mg respectively, and brown nuclear cataracts (Figure 5.t.). 
The converse is true for those lenses with no nuclear involvement 
at all (Figure 5.6). The fact that the percentage dry weight is lower 
in the former categories suggests that water uptake is involved 
while in the latter, the high percentage dry weight suggests that 
water loss may be involved or at least that protein synthesis is 
not affected. 
Those cataracts with slightly lower wet weights and dry weights 
but increased percentage dry weight include those lenses with 
cupuliform or posterior subcapsular opacities. It has been 
suggested that, in these cataracts, protein synthesis is disrupted 
(Koch, 1976; Ohrloff, 1978) but this is not consistent with the 
results given here which suggest water loss rather than increased or 
decreased protein synthesis. This idea is also inconsistent with 
the observation of Streeten andEslaghian (1978) who described the 
presence of bladder cells and areas of liquefaction which would 
suggest water uptake and an environment where proteolysis could 
occur rather easily. This type of cellular morphology was also 
observed in radiation cataracts (Cogan, Donaldson and Reese, 1952) 
and in steroid cataracts (Greinerand Chylack, 1979) both of which 
agents cause posterior subcapsular opacities. 
Finally, while the trends of wet weight and dry weight tend to be 
parallel with regard to their decrease as cortical cataracts mature 
(Figures 5.2 -5.5) the percentage dry weight also decreases which 
suggests that the total loss of material from the lens is not 
73. 
an equal balance of water and dry material but a greater decrease 
in the latter. This suggests that in the early stages of cortical 
r 
cataract some interuption of the protein metabolism occurs from which 
the lens never recovers. Thus, in a population matched for age, 
those lenses with more mature cortical opacities, assuming that these 
have been progressing for a longer period of time than immature 
or early cortical opacities, will have weight measurements more 
akin to those of younger lenses and indeed may have a lighter 
dry weight since proteolysis may have occurred as well as protein 
leakage both of which phenomena have been reported in the literature. 
74. 
CHAPTER SIX 
PROTEINS OF THE LENS. 
The lens homogenates were divided, as described in the materials 
and methods section, into the water soluble (WS), urea soluble (US) 
and urea insoluble (UI) factions; the former two only have been an- 
alysed. The protein concentration was measured in each case and 
the results tabulated and statistically tested using analysis of 
variance (Tables 6.1 and 6.2). From these results it can be seen 
that the protein concentration of the W.S. fractions decreases 
significantly in mature cortical cataracts both on specific nuclear 
backgrounds and regardless of nuclear background. There is, however, 
no difference in the W.S. concentrations when nuclear colour is 
considered either with specific cortical involvements or regardless 
of cortical involvement except when pure yellow nuclear cataracts 
are compared with pure brown nuclear cataracts in which case the 
concentration is significantly less (according to the student 
t -test) in brown nuclear cataracts. This is seen as a trend with 
some cortical morphologies e.g. in the case of cuneiform and 
miscellaneous cortical involvement, the protein concentration does 
decrease with increasing nuclear colour. Two anomalies are the low 
figure for yellow nuclear with cuneiform plus cupuliform cataracts 
in comparison with those for cataract of the same cortical mor- 
phology but different nuclear colour and the rather high figure 
for brown nuclear mature cortical in comparison with the other types 
of mature cataracts. 














































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































of the U.S. fractions (Table 6.2), the variation being less with re- 
gard to cortical involvement than with regard to nuclear colour. 
The apparent trend is that the U.S. protein concentrations increases 
from no nuclear colour to yellow nucleus and then drops again as the 
nucleus darkens. If this is matched to the trend of decreasing 
W.S. concentrations it would seem that initially the W.S. protein 
becomes urea soluble and then urea insoluble so that the normal 
level of_urea soluble protein for lenses of that age increases and 
decreases around some sort of equilibrium level. Although the urea 
insoluble (U.I.) fractions have been neither quantified nor analysed, 
it is obvious from the size and colour of the remaining pellets that 
this fraction increases with increasing nuclear colour, supporting 
the idea that as the nucleus darkens, the protein becomes urea 
insoluble. 
These observations along with those on the wet and dry weights 
of the lenses suggest that the protein of the lens have, in the event 
of cataract, a choice of fates depending on their location. Those 
in the nucleus become insolubilised by some mechanism, while in the 
cortex, protein synthesis is disrupted and perhaps the protein 
itself becomes insoluble, is hydrolysed or lost from the lens by 
leakage. These phenomena have been well reported in the literature. 
Harding (1972, 1979) has demonstrated the occurrance of conformational 
changes followed by aggregation in human lens protein in nuclear 
cataracts: denaturation, crosslinking and insolubilisation of nuclear 
proteins has been reported by Dilley and Pirie (1974); and &Bangs 
et al. (1976), and Tuscott and Augusteyn (1977a,b) have shown how 
oxidative/ 
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oxidative changes in nuclear cataract can lead to aggregation and 
insolubilisation of protein. Ringens et al. (1978) have suggested 
that aggregation of , pc fi- and Ó- crystallins occurs in the cortex 
leading to the formation of what they term high molecular (HM) 
crystallin which they consider to be an intermediate stage in the 
insolubilisation process (Liem -The et al. 1974b, 1975a and 1978) 
although other workers (Spector et al. 1974 and Ray and Spector, 
1976) have found this to occur more in the nucleus than in the 
cortex. Day and Clayton (1972), however, showed that, in the specific 
case of the anterior polar subcapsular cataract found in mice with 
the gene CatFr, no insolubilisation of protein is associated with 
cataract but rather that disruption of protein synthesis was a more 
likely explanation for low protein levels in each of the W.S., U.S. 
and U.I. fractions. Piatiogorsky et al. (1980) also showed, in the 
mutant 
Philly mouse / that protein synthesis is disrupted during the 
development of cortical cataract. The work of Philipson (1969a, 
b and c) indicates clearly the drop in protein concentration in the 
cortex of sugar induced and X -ray induced cataracts compared with 
normal lenses and suggests that perhaps the disruption of fibre 
proteins 
membranes allows the leakage of small molecular weight/ and that, 
rather than the presence of macromolecular aggregates, the discon- 
tinuity of protein concentration gradients is the cause of loss of 
transparency. This lack of homogeneity was hinted at by Dische (1968) 
in a review where he also stated evidence that protein synthesis 
disruption occurred in both sugar induced and X -ray induced cataract 
as well as in tryptophane deficiency cataract; those three types of 
cataract/ 
77. 
cataract may be assumed to have different mechanisms of insult but 
give similar end results. 
Three general observations have been made; (1) the protein 
balance throughout the lens differs in terms of a& -,ß - and '- crystallin, 
(2) some or all of these proteins may be changed either quantitatively 
or qualitatively in the event of cataract and (3) the nature of the 
changes is dependent on the site of lesion within as well as on the 
mechanism of insult to the lens. Therefore analysis of the protein 
balance should give some indication as to the effect of that change. 
The following sections describe the analyses of cataractous lenses 
in terms of the water soluble and urea soluble protein profiles. 
78. 
PROTEIN PROFILES OF CATARACTOUS LENSES. 
Aliquotsof.the W.S. and U.S. protein fractions of individual 
lenses were analysed by iso- electric focusing on polyacylamide rod 
gels as described in the materials and methods section and the gels 
stained and scanned so that a graphic trace was obtained for each 
sample along with integration values for the areas under each peak of 
the graph. In this section we will consider lenses of similar 
morphopathology, i.e. nuclear and cortical involvement, while lenses 
of similar medical history, e.g. lenses from patients with diabetes 
or retinitis pigmentosa, will be discussed in the following section. 
For lenses of the same morphopathological classification the 
traces were superimposed so that an "average" trace could be obtained 
(Figures 6.1 - 6.6) and considered alongside average values for each 
peak which had been calculated from the individual values. While 
this may be thought to have the same effect as pooling the lenses 
in the first place, this method has the advantage of indicating the 
range of values for each protein band, thus allowing a more accurate 
statistical comparison between different types of cataract. Secondly, 
it allows identification of individual lenses which differ in their 
protein profile from lenses of similar morphopathology which may turn 
out to be correlated with somethingspecific in the medical history 
of that patient which might have been a determinant of that cataract: 
for instance the incidence of certain diseases such as diabetes or 
the use of certain drugs such as corticosteroids. 
For most cases, the numbers and positions of the protein bands 
were the same, allowing for the variation in the pH gradient between 
separate gel runs. Because of this variation, it was sometimes the 
case/ 
Fig. 6.1. (i) The superimposition of densitometric traces of I.E.F. 
gels and (ii) the average trace derived from them for the W.S. fractions 
of the following cortical cataract types : (a) immature, (b) cuneiform, 
(c) cupiliform, (d) cuneiform plus cupuliform, (e) mature and (f) 
hypermature. 
* 
Although some variation is expected within groups, the variation 
observed in the superimposition exercise may be exaggerated by the 
fact that between gel runs, variations did occur in the pH gradient of 
the I.E.F. gels and therefore in some gels peaks would be higher 
and narrower while in other gels, the same peaks would be lower and 
broader. The figure does illustrate, however, by means of the average 
traces, the differences between the protein profiles of different 
categories of cataract. This phenomons is true for figures 6.1 to 6.6. 
f+9 
* 
Fig. 6.2. (i) The superimposition of densitometric traces of I.E.F. 
gels and (ii) the average trace derived from them for the U.S. fractions 
of the following cortical cataract types : (a) immature, (b) cuneiform, 
(c) cupuliform, (d) cuneiform plus cupuliform, (e) mature and (f) 
hypermature. 
* 
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Fig. 6.3. (i) The superimposition of densitometric traces of I.E.F. 
gels and (ii) the average trace derived from them for the W.S. fractions 
of yellow nuclear cataracts with the following cortical involvements : 
(a) none, (b) immature, (c) cuneiform, (d) cupuliform, (e) cuneiform 
plus cupuliform and (f) mature. 
* 
"See footnote to figure 6.1 ". 
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Fig. 6.4. (i) The superimposition of densitometric traces of I.E.F. 
gels and (ii) the average trace derived from them for the U.S. 
fractions of yellow nuclear cataracts with the following cortical 
involvements : (a) none, (b) immature, (c) cuneiform (d) cupuliform, 
(e) cuneiform plus cupuliform and (f) mature. 
* 
"See footnote to figure 6.1 ". 
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6_5. ((ii)) T is 
* 
e superinposition of densitometric traces of I.E.F. 
jLs u3 ((ii)) the average trace derived from them for the W.S. 
fractions of brown mmucc]Lear cataracts with the following cortical 
fmmic@l m mmtts; - ;(a) mmomme, (b) immature, (c) cuneiform, (d) cupuliform, 
((e)) mou; ®amm ; lus cupuliform and (f) mature. 
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Fig. 6.6. (i) The superimposition of densitormetric traces of I.E.F. 
gels and (ii) the average trace derived from them for the U.S. fractions 
of brown nuclear cataracts with the following cortical involvements 
(a) none, (b) immature, (c) cuneiform, (d) cupuliform, (e)cuneiform 
plus cupuliform and (f) mature. 









case that some bands merged so that they could not be recognise:_, as 
separate band on the gel by the densi tor,.eter. I=ouever, this was 
mainly restricted to the group II bands which were observed either as 
single, doublet or triplet peaks on the traces. The incidence of 
single, doublet and triplet peaks did not corelate with any particular 
cataract type but seemed, rather, to be an effect of the pH gradient. 
For this reason, although there may be as many as eight or nine in- 
dividual peaks within this area of the gel, it has been necessary to 
consider them as three areas and are referred to as peaks 1, 2 and 3 
of group II. In a small number of cases, an additional peak, termed 
IIIo, appeared. The occurrance of this peak was observed in some 
lenses from patients with thefollowing diseases; myotonic dystrophy, 
retinitis pigmentosa and leprosy. It was also seen in a lens which 
came from a cadaver. 
Apart from subunit III 
0 
, all of the proteins are present in all 
lenses but in different amounts. The failure to find any qualitative 
changes in different morphopathology agrees with the findings of Clark 
et al. (1969), York et al. (1972), Maraini and Mangili (1973) and 
Ringens et al. (1978) none of whom could detect qualitative changes 
in the soluble protein of cataractous lenses compared with that of 
normal lenses. However, the procedure employed here permits quantitative 
assessments.of the protein subunits and the overall balance of these 
subunits. In this way, it may be shown which, if any, subunits are 
altered quantitatively in the various types of cataracts. 
Some preliminary investigations have been carried out to identify 
the subunits in terms of crystallin nomenclature. These have 
involved the separation of total lens protein on ACA -54 Utrogel and 
electrophoresis / 
80, 
electrophoresis of the resulting fractions both on S.D.S. and I.E.F. 
acrylamide gels. 
The water soluble protein fractions from three groups of lenses - 
six lenses with no nuclear colour, six with yellow and six with brown 
were each separated using an ACA -54 Ultrogel column and the resulting 
elution patterns can be seen in figure 6.7. Protein separations 
by 
by Giblin and Reddy (1978) in a Sepharose 6 -B column, /Jedziniak et al. 
by 
(1978) on a Sephacryl S -200 Superfine gel and /Ringers et al. (1978) 
on Sephadex G -200 each gave similar elution patterns. A comparison with thes 
6.7 (Table 6.3). 
peaks permits the identification of I to VI ih figure/ It can be seen 
from the elution patterns that the relative proportions of the crystallins 







High Molecular Weight crystallin 






vary with increasing nuclear /the first peak (I + II) and peak VI 
increasing while peaks IV and V decrease. No record of the cortical 
involvement is available for any of the lenses used and, therefore, 
it cannot be conclusively said that the changes observed are due to 
the differences in nuclear involvement only. However, the changing 






Fig. 6.7. Elution patterns of the total W.S. protein 
fraction of (a) cortical cataracts with no nuclear colour, 
(b) cortical cataracts with yellow nuclei and (c) cortical 
cataracts with brown nuclei. Gel chromatography was carried 
out on AcA54 as described in the text. 
81. 
in that cataractous lenses have differing amounts of the crystallins 
in the water soluble fraction and secondly that the crystallins are 
affected disproportionately. 
The protein fractions from another separation were run on S.D.S. 
and I.E.F. acrylamide gel and the bands matched with the proposed 
identities (figure 6.8). It can be seen from both the S.D.S. and 
I.E.F. gels that there is a certain amount of contamination between 
fractions but bands can be matched to positions on the elution 
pattern by their gradual appearance and disappearance. However, 
it is also the case that proteins from different parts of the elution 
profile appear to run to similar isoelectric points. If this is the 
case, it would be difficult to assign to the bands on I.E.F. profiles 
of total lens protein unique identities of a -,ß - or ó - crystallin 
subunits. This difficulty is also illustrated by figure 6.9 which 
shows the result of a two -dimensional electrophoresis : isoelectric 
focusing in the first dimension followed by S.D.S. electrophoresis. 
This technique shows that one band on the I.E.F. gel need not 
necessarily run to a unique point with regard to molecular weight 
but rather will give two or more spots in the S.D.S. dimension. 
Two -dimensional analysis does give some indication where the bulk ofec- 
A - or Y- crystallin may be found but in addition it illustrates that 
the number of protein spots is very great - more than the number 
of bands in either single dimension and more than might be expected 
from the number of subunits of the crystallin families suggested in 
the literature. This would suggest, and probably is the case as 
suggested by van Kleef (1974) for bovinee(- crystallin in particular, 
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Fig.6.8. (a) Elution pattern of the total water soluble protein of 
cataractous lenses. The fractionation was carried out on AcA 54. 
(b) Iso- electric focussing of fractions collected from gel chromoto- 
graphy illustrated in (a). The gels are numbered according to the 
fraction number and a total W.S. protein sample (T) is shown on the 
right hand side. 












































































































































































































































Fig. 6.9. Two dimensional gel electrophoresis of (a) the W.S. and (b) 
the U.S. protein fraction of a cataractous lens. Electrophoresis con- 
sied of iso- electric focussing on a pH gradient of 3.5 -10 in the 
first dimension and electrophoresis on a 15% polyacrylamide - S.D.S. 
gel in the second dimension. The figure illustrated that single bands 
at unique pI points in the I.E.F. dimension need not run to unique 
















Although there are these ambiguities, ana no immunological identification 
it is still possible to assign tentative identities to the 
peaks observed in I.E.F. suggesting the major constituent(s) 
(Figure 6.10). However, allowing that these bands are not rep- 
resentative of unique subunits, in the following sections where the 
protein profiles of particular cataract types are compared, the bands 
are given numerical identity since it is the object of this thesis 
to determine and describe differences in the profiles without 
necessarily ascribing those differences to particular proteins. 
For comparison of the protein profiles and percentage values of 
the subunits of cataract lenses of different morphopathology, cataracts 
have been grouped as before and the figures presented as twenty tables 
(Tables 6.4 to 6.23). Tables 6.4, 6.5 and 6.6 compare the figures 
for the W.S. profiles of different types of cortical cataract on a 
non -nuclear, yellow nuclear and brown nuclear cataract background 
respectively and tables 6.7, 6.8 and 6.9 compare the figures for 
the U.S. profiles. Tables 6.10 and 6.11 compare the W.S. and U.S. 
profiles respectively of all cataracts of particular cortical types 
regardless of nuclear colour. Tables 6.12 to 6.16 each compares 
the figures for the W.S. profiles of similar cortical cataracts 
on different nuclear backgrounds and tables 6.17 to 6.21 the corres- 
ponding U.S. profiles. Tables 6.22 and 6.23 compare the W.S. and U.S. 
profiles respectively of all lenses of particular nuclear involve- 
ment - none, yellow or brown - regardless of cortical involvement. 
These tables are illustrated by figures 6.1 to 6.6. These give a 
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Fig. 6.10. Tentative designation, in terms of the crystallin compos- 
ition, of the peaks of the gel traces, which represent the stained 
protein bands on I.E.F. gels. The designations are based on the data 
illustrated in Figures 6.8 and 6.9 only in relation to the literature 
and not on immunochemical tests. 
types. 
Cortical Cataracts. 
Tables 6.4 to 6.6 and 6.7 to 6.9 compare the figures for cortical 
cataract on specific nuclear backgrounds; clear, yellow and brown. 
By analysis of variance, it can be seen which subunits are variable 
with respect to specific cortical morphopathology. By comparing the 
statistical results, the effect of nuclear cataract may also be seen 
e.g. the statistical significance may increase, decrease or stay 
the same. 
Subunits II1,IV1,V1 and V5 of the W.S. fraction and I, 1115, 
IVl,IV3, and V5 of the U.S. fraction each show no significant diff- 
erence with respect to different cortical morphopathology on any 
nuclear background. Statistical significance of the difference in 
subunit II2 decreases with increasing nuclear colour in both the W.S. 
and U.S. fractions; no trend is observed with increasing cortical 
involvement but those lenses with cuneiform plus cupuliform have the 
lowest percentage values for this subunit in the W.S. fractions. 
Subunit 113 shows significant difference more on a clear nuclear 
than on a brown nuclear background but none on a yellow nuclear 
background but in each case, the lowest value in the more mature 
cortical cataract and the largest value in cupuliform cataracts. 
Subunits of group III with the exception of subunit II14 in the 
W.S. and III5 in the U.S. fraction each show significant differences 
when on a clear background. The trend is for subunits IIII to 1115 
to decrease with increasing cortical involvement in both W.S. and U.S. 
fractions while the percentage value of III6 increases with increasing 
cortical/ 
Abbreviations used in Tables 6.4. to 6.25. 
1MM immature cortical 
CUN cuneiform 
CUP cupuliform 
CUN CUP cuneiform plus cupuliform 
MAT mature cortical 
HYP hypermature cortical 
YN yellow nuclear 
BN brown nuclear 
Table 6.L1.. Comparison of the mean percentage values (± 1 S.D.) 
of the subunits of the W.S. fractions of cataracts of different 
cortical involvement on a clear nuclear background. Analysis of 











































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Table 6.5. Comparison of the mean percentage values (± 1 S.D.) 
of the subunits of the W.S. fractions of cataracts of different 
cortical involvement on a yellow nuclear background. Analysis of 





































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Table 6.6. Comparison of the mean percentage values (± 1 S.D.) 
of the subunits of the W.S. fractions of cataracts of different 
cortical involvement on a brown nuclear background. Analysis of 


































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Table 6.7. Comparison of the mean percentage values (± 1 S.D.) 
of the subunits of the U.S. fractions of cataracts of different 
cortical involvement on a clear nuclear background. Analysis of 


















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Table 6.8. Comparison of the mean percentage values (± 1 S.D.) 
of the subunits of the U.S. fractions of cataracts of different 
cortical involvement on a yellow nuclear background. Analysis of 

































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Table 6.9. Comparison of the mean percentage values (± 1 S.D.) 
of the subunits of the U.S. fractions of cataracts of different 
cortical involvement on a brown nuclear background. Analysis of 

















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Table 6.10. Comparison of the mean percentage values (± 1 S.D.) 
of the subunits of the W.S. fractions of cataracts of different 
cortical involvement regardless of nuclear colour. Analysis of 
variance is carried .out to determine the statistical significant 
difference. 
Table 11. Comparison of the mean percentage values (± 1 S.D.) 
of the subunits of the U.S. fractions of cataracts of different 
cortical involvement regardless of nuclear colour. Analysis of 


















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































cortical involvement in the W.S. fraction and is high in the U.S. 
fraction of lenses with immature and cuneiform plus cupuliform 
cortical involvement. These trends can be observed on yellow and 
brown nuclear backgrounds also although, in the W.S. fraction only 
subunits III2 and II16 on a yellow background and subunits III1, 
II12 and III4 on a brown background show significant difference. 
In the U.S. fraction, III2 on a yellow background and III1, III2 
and II13 on a brown background show statistically significant 
differences. Thus, only subunit III2 shows significant differences 
on all nuclear backgrounds in both the W.S. and V.S. fractions. 
Little variability is seen in group IV subunits, the only 
significant differences being observed in IV2 on a yellow background 
in both the W.S. and U.S. fractions and in IV3 in a clear nuclear 
background in the W.S. fraction only. In the W.S. fraction the high- 
est percentage value of IV2 is found in lenses with cupuliform 
opacities in each case. 
In group V in the water soluble fraction higher percentage 
values are seen for all subunits, V1to V6 in those lenses with cun- 
eiform opacities, including cupuliform plus cuneiform opacities, when 
those lenses with no nuclear involvement are considered; this diff- 
erence is significant in subunits V2, V3 and V4 particularly. To 
a certain extent this general observation is true on a brown nuclear 
background while on a yellow nuclear background the opposite is true; 
these subunits show low percentage values. In lenses with either clear . 
or brown nuclei, low percentage values are seen in lenses with cup - 
uliform opacities and this is probably the case also in those lenses 
with/ 
85. 
with yellow nuclei but in which, the protein bands cannot be dis- 
tinguished so that individual peak values can be obtained. The total 
value (16.55 %), however is lower than in the cataractous types except 
those with yellow nucleus plus cuneiform cataract. Statistically 
significant differences are found between each of the subunits V3, 
V4 and V6 in lenses with a yellow nucleus and V3 and V6 in lenses 
with a brown nucleus. Thus, subunit V3 shows significant difference 
in different cortical morphopathologies on each type of nuclear 
background. 
With regard to the U.S. fraction, the situation is somewhat 
reversed. In lenses with cuneiform involvement on clear and brown nuclear 
backgrounds, lower percentage values are observed for subunits V1, 
U.S. 
to V6 with the exception of V6 lenses with a brown nuclei ;statisti- 
cally significant differences are seen in subunits V5 and V6 in 
each case. In the case of lenses with a yellow nucleus, higher 
percentage values are observed in lenses with cuneiform opacities 
although in some cases, subunits V3 to V6 higher values are observed 
in lenses with cupuliform involvement, statistically significant 
differences are seen in subunits V1, V2, V4 and V6. In contrast to 
the W.S. fraction, subunit V5 is the only subunit not to show sig- 
nificant differences on any nuclear background. Subunit V6 shows 
significant differences in all three cases with an apparent trend of 
increasing value in cuneiform and more mature cortical cataracts 
while cupuliform cataracts show lower values-In the case of yellow 
nuclear background, however the value is lower in cuneiform and higher 
in cupuliform. It may cautiously be said that this trend is the case 
in/ 
in the W.S. fraction also. 
The situation regarding subunit VI1/which is the heavy molecular 
weight protein which does not enter the gel rather than a subunit with 
an isoelectric point near pH3.5, is rather similar to subunit V6. 
It appears to increase in value with increasing cortical involvement 
with lower values in lenses with cupuliform involvement in both the 
W.S. and U.S. fractions. Statistically significant differences are 
observed between lenses with clear nuclei and also between those with 
brown nuclei in the W.S. fraction and between lenses with a yellow 
nucleus in the U.S. fraction. 
Tables 6.10 and 6.11 compare the W.S. and U.S. fractions res- 
pectively of all lenses of particular cortical involvement regardless 
of nuclear colour. The degree of variability as observed in tables 
6.4 to 6.6 and tables 6.7 to 6.9 is endorsed. 
Nuclear Cataracts. 
Tables 6.12 to 6.16 and 6.17 to 6.21 compare the subunit per- 
centage values in the W.S. and U.S. fractions respectively of 
cataracts of similar cortical morphopathology but differing nuclear 
colour. Again, analysis of variance is used to find which subunits 
show significant difference with respect to nucleur colour and whether 
this difference is consistent irrespective of cortical involvement. 
In the W.S. fraction, the percentage value of subunit I1 tends 
to increase with increasing nuclear colour but statistical signifi- 
cance is observed on a cuneiform plus cupuliform background. In the 
case of immature cortical involvement, those lenses with a yellow 
nucleus have a statistically significant larger value. Nothing 
similar is observed in the U.S. fraction. 
Little/ 
Table 6.12. Comparison of the mean percentage values (± 1 S.D. ) of 
the subunits of the W.S. fractions of immature cortical cataracts 
on different nuclear backgrounds; clear, yellow and brown. 
Analysis of variance was carried out to determine the statistical 
significant difference. 
Table 6.13. Comparison of the mean percentage values (± 1 S.D.) of 
the subunits of the W.S. fractions of cuneiform cortical cataracts 
on different nuclear backgrounds; clear, yellow and brown. 
Analysis of variance was carried out to determine the statistical 
significant difference. 
Table 6.14. Comparison of the mean percentage values (± 1 S.D.) of 
the subunits of the W.S. fractions of cupuliform cortical cataracts 
on different nuclear backgrounds; clear, yellow and brown. 
Analysis of variance was carried out to determine the statistical 
significant difference. 
Table 6.15. Comparison of the mean percentage values (± 1 S.D. ) of 
the subunits of the W.S. fractions of cuneiform plus cupuliform 
cortical cataracts on different nuclear backgrounds; clear, yellow 
and brown. Analysis of variance was carried out to determine the 
statistical significant difference. 
Table 6.16. Comparison of the mean percentage values (± 1 S.D.) of 
the subunits of the W.S. fractions of mature cortical cataracts 
on different nuclear backgrounds; clear, yellow and brown. 
Analysis of variance was carried out to determine the statistical 
significant difference. 
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Table 6.17. Comparison of the mean percentage values (± 1 S.D.) of 
the subunits of the U.S. fractions of immature cortical cataracts 
on different nuclear backgrounds; clear, yellow and brown. 
Analysis of variance was carried out to determine the statistical 
significant difference. 
Table 6.18. Comparison of the mean percentage values (± 1 S.D.) of 
the subunits of the U.S. fractions of cuneiform cortical cataracts 
on different nuclear backgrounds; clear, yellow and brown. 
Analysis of variance was carried out to determine the statistical 
significant difference. 
Table 6.19. Comparison of the mean percentage values (± 1 S.D.) of 
the subunits of the U.S. fractions of cupuliform cortical cataracts 
on different nuclear backgrounds; clears yellow and brown. 
Analysis of variance was carried out to determine the statistical 
significant difference. 
Table 6.20. Comparison of the mean percentage values (± 1 S.D.) of 
the subunits of the U.S. fractions of cuneiform plus cupuliform 
cortical cataracts on different nuclear backgrounds; clear, yellow 
and brown. Analysis of variance was carried out to determine the 
statistical significant difference. 
Table 6.21. Comparison of the mean percentage values (± 1 S.D.) of 
the subunits of the U.S. fractions of mature cortical cataracts 
on different nuclear backgrounds; clear, yellow and brown. 


































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Table 6.22. Comparison of the mean percentage values (± 1 S.D. ) of 
subunits of the W.S. fractions of all cortical cataracts on 
different nuclear backgrounds; clear, yellow and brown. Analysis 
of variance was carried out to determine the statistical 
significant difference. 
Table 6.23. Comparison the the mean percentage values (± 1 S.D. ) of 
subunits of the U.S. fractions of all cortical cataracts on 
different nuclear backgrounds; clear, yellow and brown. Analysis 






















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Little variability is shown by group II subunits although a 
number of trends are apparent. In the W.S. fraction, lenses with 
a yellow nucleus and either cuneiform or cupuliform opacities show 
high percentage values while in the U.S. fraction these lenses have 
a low percentage value for that subunit. The reverse is true for 
yellow lenses with immature or mature cortical involvement - a low 
percentage value in the W.S. and high percentage value in the U.S. 
fraction. In the case of the W.S. fraction of mature cataracts 
the difference in value is statistically significant. Subunit II2 
shows some similar tendencies in that it is yellow nuclear cataracts 
which, in the case of immature and cuneiform plus cupuliform in 
the W.S. fraction, have the lowest value, while in the case of 
cuneiform and cupuliform involvements, they have trie, highest value. 
In mature cortical cataract, this subunit decreases significantly 
with increasing nuclear colour. In the U.S. fraction, subunit II2 
decreasessignificantly with increasing nuclear colour on an immature 
cortical background in comparison to the situation in the W.S. fraction 
where the lowest value is observed on a yellow and the highest value 
on a brown nuclear background; this difference is significant. No 
significant difference is shown by subunit 1I3 in either the W.S. 
or U.S. fractions but in the former it may be observed that values 
are consistently high in lenses with cupuliform involvement. 
In group III, a number of linear increases and decreases with res- 
pect to nuclear colour are observed. On an immature cortical back- 
ground, subunits III1 and III4 increase (not significantly) in the W.S. 
fraction while in the U.S. fraction those two subunits plus III3 and 
III5 decrease - III4 and II15 decreasing significantly - with increasing 
nuclear/ 
88. 
nuclear colour. Subunits III2 and II16 have low values in the W.S. 
fraction and high values in U.S. fraction of yellow nuclear cataracts 
with immature cortical involvements. In the presence of cuneiform 
opacities, subunits II13 and III6 decrease with increasing nuclear 
colour in the W.S. fraction although not significantly and are in- 
variant in the U.S. fraction. In the U.S. fraction subunits III1 
and II12 increase significantly with increasing nuclear colour while 
in the W.S. fraction although they show a decrease in percentage 
value in lenses with nuclei compared to those with no nuclear involve- 
ment, III1 has a low, but not significantly so, value in yellow nuclear 
cataracts and III2 a significantly high value in yellow nuclear cat- 
aracts. On a cupuliform background, subunit III2 of the W.S. and 
III1 of the U.S. each decrease in value with increasing nuclear colour, 
the latter showing statistical significance. Subunit III6 of the 
W.S. is significantly low in yellow nuclear cataracts plus cupuliform 
opacities while in the U.S. it is invariant but consistently low 
compared to other cortical types. Subunit I1I2 is significantly high 
in yellow lenses with cuneiform plus cupuliform opacities in both W.S. 
and U.S. fractions, as is subunit III3 of the U.S. Subunits III 
of the W.S. and II16 of both the W.S. and U.S. fractions each decrease 
with increasing nuclear colour in lenses with cuneiform plus cupuliform 
opacities, the former two showing statistical significance. Subunit 
III4 of the W.S. fraction is the only one showing statistically 
significant difference in lenses with mature cortical involvement 
with a high value observed in lenses with yellow nuclei; this subunit 
is lower in the U.S. fraction of yellow nuclear cataracts with 
mature cortical involvement. Also in lenses with yellow nuclei and 
mature/ 
89D 
mature cortical involvement, subunits II11 and II15 are high in both 
W.S. and U.S. while subunits III2 and III4 are high in the W.S. and 
low in the U.S. 
There is little variability in group IV subunits except for IV 
which in lenses with cuneiform opacities shows a significantly low 
value in lenses with a brown nucleus both in the W.S. and U.S. 
fractions. This subunit also shows significant difference in the 
W.S. fraction of lenses with immature cortical involvement, lenses 
with no nuclear involvement having the highest value and lenses with 
yellow nuclei the lowest. This arrangement of values is also the case 
in the U.S. fraction but no statistical significance is observed. 
Subunit IV3 exhibits significant difference in the U.S. fraction of 
lenses with mature cortical involvement, lenses with yellow nuclei 
having the highest value; in the W.S. fraction this subunit is low, 
but not significantly so, in lenses with yellow nuclei. 
Few linear trends can be observed in group V subunits except in 
the case of I1 and V of the, :W.S._fraction in the case of cuneiform 
plus cupuliform cataracts in which these subunits both decrease sig- 
nificantly with increasing nuclear colour. Also within this group of 
cataracts, subunits V4 and V6 of the W.S. show significant difference 
2 
with yellow nuclear lenses exhibiting high values while V4, V5 and V6 
of U.S. fraction of yellow nuclear lenses exhibit significantly low 
values. In lenses with immature cortical involvement, subunits 
V4 and V6 of the W.S. show significant difference with high values 
seen in lenses with yellow nuclei and subunits V5 and V6 in the U.S. 
show a significant increase with increasing nuclear colour. Subunits 
V3 and V4 in cuneiform cataract exhibit low values both in the W.S. 
and/ 
90 
and U.S. fractions of lenses with a yellow nucleus; the difference 
is significant in both cases in the W.S. fraction. In this group 
of cataracts, subunits V1 and V2 are low, but not significantly so, 
in the W.S. but significantly low in the U.S. fraction. Those 
lenses with cupuliform opacities and a yellow nucleus show signi- 
ficantly high values for subunits V4 and V6 of the U.S. other 
subunits of group V also showing high, but not significantly high, 
values in the U.S.; the total value in the W.S. fraction is higher 
than that of lenses with brown or no nuclear involvement. Mature 
cataracts show a significant difference only for subunit V2 of the 
W.S. the value in lenses with yellow nuclei being high while it tends 
to be low in the U.S. Subunit V1 is high in both W.S. and U.S. while 
subunits V3 and V4 are low in both. In every case both in the W.S. 
and U.S. fractions, except in the W.S. of cupuliform cataracts, the 
level of V6 is markedly higher in brown nuclear compared to lenses 
with no nuclear cataract. 
For each cataract type, there is a wide range of values for sub- 
unit VI as reflected in the standard deviation. Thus, although the 
average values are markedly different, statistically they are not significant 
except in the-case of the W.S. fraction of cuneiform cataracts and the 
U.S. fraction of mature cataracts. 
Tables 6.22 and 6.23, the average subunit values for all catar- 
acts of specific nuclear types regardless of cortical involvement,do 
not reflect the situation seen in the smaller subgroups however. 
Little variation is seen in groups II and VI in both W.S. and U.S. 
as in the smaller subgroup, but group VI of the W.S. also shows little 
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Fig. 6.11 
Schematic representation of Tables 6.4 and 6.7 indicating 
which sub units of (a) the W.S. fraction and (b) the U.S. fraction 
of various categories of cortical cataract on a clear nuclear back- 
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Schematic representation of Tables 6.5 and 6.8 indicating which 
of (a) the W.S. fraction and (b) the U.S. fraction of various categories 
of cortical cataract on a yellow nuclear background are present at 
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Schematic representation of Tables 6.6 and 6.9 indicating which 
sub units of (a) the W.S. fraction and (b) the U.S. fraction of various 
categories of cortical cataract on a brown nuclear background are 
present at high (I) and low (v) levels respectively. 
Fig. 6.14. Schematic representation of Tables 6.12 and 6.17 indi- 
cating which subunits of (a) the W.S. fraction and (b) the U.S. 
fraction are raised (II) or lowered (0) in immature (IMM) cortical 
cataracts differing in nuclear colour; clear, yellow (YN) or brown 
(BN) . 
Fig. 6.15. Schematic representation of Tables 6.13 and 6.18 indi- 
cating which subunits of (a) the W.S. fraction and (b) the U.S. 
fraction are raised (II) or lowered(',) in cuneiform (CUN) cataracts 
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Fig. 6.16. Schematic representation of Tables 6.14 and 6.19 indi- 
cating which subunits of (a) the W.S. fraction and (b) the U.S. 
fraction are raised (11) or lowered ( j) in cupuliform (CUP) cat- 
aracts differing in nuclear colour, clear, yellow (YN) or brown 
(BN) . 
Fig. 6.17. Schematic representation of Tables 6.15 and 6.20 indi- 
cating which subunits of (a) the W.S. fraction and (b) the U.S. 
fraction are raised (11) or lowered ( %) in cuneiform plus cupuliform 
(CUN CUP) cataracts differing in nuclear colour; clear, yellow (YN) 
or brown (BN). 
Fig. 6.18. Schematic representation of Tables 6.16 and 6.21 indi- 
cating which subunits of (a) the W.S. fraction and (b) the U.S. 
fraction are raised ($) or lowered (%) in mature (MAT) cortical 
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Fig. 6.19. Schematic representation of Table 24 indicating which 
subunits of (a) the W.S. fraction and (b) the U.S. fraction are 
raised (II) or lowered (%) in specific categories of cataracts 
when compared to both cataracts of similar nuclear colour but 
differing cortical involvement and cataracts of different nuclear 





































































































































































variation is seen in groups III and VI of the U.S. 
A summary of the two previous two sections is given in table 
6.24 where those subunits which are relatively or significantly high 
or low in relation to either cortical or nuclear morphopathologies 
have been listed. Figures 6.11 to 6.19 illustrate this table. 
THE NATURE OF THE CHANGES. 
It has been possible to show some trends - some statistically 
significant and some not - in protein subunit variation with res- 
pect to both cortical and nuclear cataract morphopathology. Some 
The 
of these trends have been linear i.e./ percentage values of subunits 
either increasing or decreasing with increasing cortical or nuclear 
For example 
involvement. subunits III1 to III5!in both the W.S. and U.S., tend 
to decrease with cortical maturity while subunit II16 of the W.S. 
increases, this trend obtaining on each type of nuclear background, 
and, secondly, subunits III1, II13, III4 and 11I5 decrease with in- 
creasing nuclear colour on an immature cortical background in the 
U.S. fraction (Table 6.17) while subunits III1 and III4 increase 
in the W.S. fraction (Table 6.12);these trends not necessarily holding 
good for other cortical backgrounds. However, given that the variation 
is linear, the increase or decrease in a subunit may be more marked 
at one stage of increasing nuclear colour or cortical involvement 
than at another e.g. subunit III1 of the W.S. fraction of immature 
cortical cataracts increases by only 0.04% between clear and yellow 
nuclear involvement but by 0.57% between yellow and brown (Table 6.12) 
and subunit I113 of the U.S. of lenses with clear nuclei (Table 6.7) 
is at least 1.21% lower in hypermature cortical cataracts than in any 
other kind / 
Table 6.24. List of subunits of (a) the W.S. fraction and 
(b) the U.S. fraction which are present at relatively higher or 
lower levels when cataracts of a particular morphopathology 
are compared, first of all, to cataracts of similar cortical 
involvement but different nuclear colour and, secondly, to cataracts 
of similar nuclear colour but different cortical involvement. 
Thirdly, those subunits which are either high or low in each case 
are listed. This list is schematically represented in figures 








































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































kind of cortical cataracts. 
In other instances, variation occurs in a non -linear fashion 
and either high or low values can be associated with particular 
lesions in the cortex or a particular stage of coloration in the nucleus 
e.g. subunit II2 in the W.S. has a low value in lenses with cuneiform 
plus cupuliform involvement on any background (Tables 6.4, 6.5 and 6.6) 
- this is reflected in table 6.10 where cortical opacities are compared 
regardless of nuclear colour - and subunit III2 in the W.S. has a high 
value in lenses with a yellow nucleus on cuneiform and cuneiform plus 
cupuliform backgrounds (Tables 6.13 and 6.14). Variations in the W.S. 
fraction need not be reflected in the U.S. fraction although it may 
be the case i.e. a decrease in vàhue in the W.S. may or may not be 
accompanied by a concomitant increase in the U.S. and vice versa. But 
since there is, in the U.S., a decrease in group II and group III 
subunits, excluding 1I14 and II15, plus subunit IV2 and an increase 
in the amounts of groups V and VI subunits when compared to the W.S. 
fraction, it may be that some changes in subunit values in the W.S. 
are reflected by changes in different subunits in the U.S. 
ABSOLUTE VALUES. 
Measurements of the absolute values of the subunits in terms of 
milligrams of protein per lens are difficult to determine since not 
all of the water soluble or urea soluble protein is extracted during 
the first extraction procedure of each respectively. This is the reason, that 
the 
pellets must be washed several times before the next stage of extraction. 
However, electrophoresis shows that the protein extracted at each wash 
has the same subunit composition in terms of percentage values. There- 














































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































either the W.S. or U.S. fraction. Secondly, although the lens is 
homogenised in a known amount of buffer, each supernatant almost cer- 
tainly differs in volume. Accepting these drawbacks, an attempt has 
been made using the average concentration values (Tables 6.1 and 6.2) 
and the percentage values for the W.S. and U.S. fractions of cortical 
cataracts (Tables 6.4 and 6.7) to construct a sample table illustrating 
how the absolute levels may vary in comparison to the percentage 
values (Table 6.26). 
Some of the variations are similar; decreasing percentage values 
with decreasing concentrations give absolute values which are also 
decreasing; subunits III1 to III4 of the W.S. fraction and to a cer- 
tain extent in the U.S. fraction are examples of this. However, 
increasing percentage values need not mean increasing absolute values, 
for example subunit II16 of the W.S. while increasing proportionately 
remains level in absolute terms except in the case of mature and 
hypermature cataracts where it drops. But these are only indications 
of what may happen to the subunits in absolute terms based on figures 
achieved by combining two sets of averages. Therefore, statistically, 
conclusions are difficult to draw but in the future, it may prove 
useful to use both sets of values; proportional and absolute. 
COMPARISON OF TOTAL PROFILES. 
Having determined the kind of variation in particular subunits, 
e 
that difference must be considerd as part of the overall profile. It 
may be that an increase in one subunit is observed if some or all of 
the other subunits undergo some decrease so that, while the absolute 
amount of the first subunit may remain unchanged, its, percentage 
value will increase. The converse of this may also be true. Secondly, 
it may/ 
94 
may be that an increase in one subunit may be accompanied by a 
decrease in one other subunit and this might suggest some association 
between these two events. 
By analysis of these changes and variations and identification of 
their association with particular cortical lesions or stages in nuclear 
coloration, it is hoped that each type of cataract can be shown to 
be identifiable by its protein profile. and in particular by those 
subunits which show variation (see Table 6.24). Yim (1978) used some 
of the data listed in this thesis and analysed them statistically 
using stepwise discriminant analysis; this involved computing all 
the subunits of either the W.S. or U.S. fractions as one resultant 
rather than individually. Although the set of data was less full 
than in this thesis, the results do support some of the findings 
here. Yim showed significant differences (p 4:0.05) between certain 
groups of cataract based on either the W.S. or U.S. fractions. On 
the basis of the W.S. fraction, three pairs of cataract type were 
shown to be different; brown nuclear and mature cortical, mature 
cortical and brown nuclear plus cuneiform and, thirdly, brown nuclear 
plus cuneiform and brown nuclear plus cupuliform (Figure 6.2Oa). On 
the basis of the U.S. fraction, brown nuclear plus mature cortical 
cataracts were shown to be different from mature cortical cataracts 














Figure 6.20. Comparison of a) the W.S. and b) the U.S. 
fractions of six cataract types. A line linking two 
groups indicates difference at a significance level 
of P 4:0.05. 
B = brown nuclear, M = mature cortical, BMA brown nuclear 
plus mature cortical, BMU = brown nuclear plus multiple 
cortical opacities, BP = brown nuclear plus cupuliform, 
BC = brown nuclear plus cuneiform (From Yim (1978)). 
She also showed that yellow nuclear and brown nuclear cataracts in 
the presence of cuneiform or multiple cortical involvement were 
significantly different (Figures 6.21 and 6.22). 
DISCUSSION. 
It has been possible to show by comparison of the proportional 
values of the protein subunits in cataract that progression and 
maturation of the opacity is reflected by a quantitatively changing 
subunit composition. In the case of cortical cataracts it is some- 
times possible to discern linear increases or decreases with in- 
creasing maturity although in some cases an increase or decrease may 
be more significant at either an earlier or later stage. Secondly, 
some variation from linearity may be apparently related to the site of 
the lesion, i.e. whether the anterior or posterior cortex is involved. 
In these cases, with the identification of the subunits, it may be 
possible to determine which particular crystallins are affected and 
relate them to the site of the lesion. Further, in cataracts of 
similar morphopathology but differing aetiology it should be possible 
to discriminate on the basis of the affected subunits. 
With regard to nuclear cataract, it has also been the case that 
some/ 
Fig. 6.21. Computer generated result when the total protein 
profiles of yellow nuclear cataracts with multiple cortical 
involvement are compared with those of brown nuclear cataracts 
with multiple cortical involvement.(From Yim, 1978). 
Fig. 6.22. Computer generated result when the total protein 
profiles of yellow nuclear cataracts with cuneiform cataract 
are compared with those of brown nuclear cataracts with cuneiform 




























































































































































































































































































































































































































































































































































































































































































































































































































some linear increases and decreases have been observed but, also, 
some non -linear changes are apparent and this, along with the studies 
of Yim (1978) suggest that coloration is not a gradual process of 
darkening of the nucleus (as discussed in the relevant section in 
the introduction) but rather a stepwise process in terms of the effects 
on crystallins (see also Bartholomew et al. (1980) where this is shown). 
Overall, it has been shown that the different morphopathological 
types of cataract can be distinguished in terms of raised or lowered 
proportions of certain subunits, no two cataract types having 
simialr complements of affected subunits. 
y/. 
CHAPTER SEVEN 
CATARACTS OF KNOWN AETIOLOGY COMPARED WITH OTHERS 
OF SIMILAR MORPHOPATHOLOGY 
1. Cataracts from Diabetic Patients 
In this study, forty seven of the 506 lenses were extracted from 
diabetic patients. This figure (9.29 %) is in agreement with the 
figures cited by Caird (1973) seen in table 7.1 and is, as Caird, 
Pirie and Ramsell (1969) observe, in excess of the 1 -2% of the pop- 
ulation who are diabetic thus supporting the observation of Caird 
(1973) that cataract extractions are more frequent in the diabetic 
population even if the disease itself is not. 
Table 7.1 






Marshall (1897) 1571 2 
Clegg (1920) 1660 5 
Anthenisen (1936) 1717 8 
Owens and Hughes (1947) 2087 11 
Townes and Casey (1955) 1844 7 
Caird et al. (1964) 1024 11 
Norn (1967) 1714 10 
Ramsell (1970) 808 9 
Marquardt and Kirschbaum (1971) 361 14 
Muller and Weber (1971) 1209 17 
Schaffl (1971) 3976 12 
17919 9.64 
This study 506 9.29 
98. 
No information was available regarding the type of diabetes or 
the age of onset. All of the diabetic patients were over the age of 
fifty except one who was 23 years of age. However, the extraction of 
the 23 year old cataract was carried out using the technique of as- 
piration. Therefore, no data, is presented here for that lens since 
they would not be comparable with those from whole lenses. It may 
be that these lenses from older diabetics should not be considered as 
et ai 
true diabetic cataracts, if the hypotheses of Gray (1933), O'Brien ̂(1934) 
and Bellows (1944) are accepted. They consider that only cataracts 
of diabetics less than 40 years of age are true diabetic cataracts. 
However, it is more likely that Romer (1912) and Anthonisen (1936) are 
correct in considering that diabetic cataract can be diagnosed at any 
age rather than exclusively under the age of forty (see chapter two 
section 7(i)a). It is probably the case that juvenile diabetes has 
a strong genetic component whereas late onset diabetes, while having a 
genetic basis, involves a stronger environmental interaction. The 
mechanisms of cataractogenesis, therefore, may or may not be the same 
in each case but both could be considered as diabetic cataracts. 
However, these lenses may not form a strictly homogeneous group, as 
the morphology of the cataracts in this group is varied. 
Because of the small number and the varied morphology of the 
diabetic lenses, they must either be grouped according to nuclear 
colour irrespective of cortical involvement or vice versa in order 
to have numbers that can be tested statistically. However, neither 
grouping shows nay preferred morphopathology within this population 
of cataracts (Tables 7.2 and 7.3) although 
99. 
Table 7.2. 
Incidence of nuclear cataract in diabetic compared with non- diabetic 
patients excluding one lens with a white and one with a dark brown 
nucleus. 
Nuclear Colour Diabetic Non -diabetic 
None 13 128 142 
Yellow 7 74 81 
Brown 25 212 237 
45 415 460 
100. 
Table 7.3 
Incidence of cortical cataract in diabetic compared to non -diabetic 
patients excluding lenses with multiple or punctate cortical opacities. 
Cortical Involvement Diabetic Nón- diabetic 
Immature 7 64 71 
Cuneiform 8 58 66 
Cupuliform 2 46 48 
Cuneiform + Cupuliform 4 47 51 
Mature 14 98 112 
35 313 348 
7( 2 = 3.309 Not Stat. Sig. 
there is a suggestion from table 7.4 that perhaps with larger 
numbers some excess of cuneiform opacities would be observed. In 
constructing table 7.4 it has been assumed that immature and mature 
cortical cataracts involve, respectively, early and late symptoms of 
cuneiform cataracts. 
Table 7.4 
Incidence of cuneiform involvement in diabetic and non -diabetic patients. 
Anterior Cortical Involvement Diabetic Non -diabetic 
Cuneiform 41 316 357 
Non Cuneiform 3 41 44 
None 3 102 105 
r 
47 459 506 
x 2 = 7.83 p<0.01 
101. 
It might be expected that nuclear colour is independent of the 
presence or absence of diabetes but if it is the case that anterior 
cortical cataracts, and in particular cuneiform cataracts, would 
result after diabetic insult, i.e. osmotic imbalance (Kinoshita, 
1974 and Pirie, 1976) and that cupuliform (posterior subcapsular) 
cataract may result in the event of diabetic retinopathy (Creighton 
et al. 1978) then there is a case for grouping these lenses together 
as "diabetic" cataract if they prove to be different from non -diabetic 
cataracts of similar morphopathology. 
Wet Weight, Dry Weight and % Dry Weight. 
When the population is divided into those from diabetic and those 
from non -diabetic patients there is no significant difference in any 
of these three factors (Table 7.5). 
Table 7.5 
Comparison of wet weight, dry weight and % dry weight of diabetic and 
non -diabetic lenses. 
Wet Wt.(mg) Dry Wt.(mg) % Dry Wt. 
Diabetic 181 42 57 22 31.8 11.0 
Non -diabetic 188 - 43 58 21 30.8 10.1 
Statistical Significance None None None 
some comparisons 
However, it is also possible to make / between smaller groups both 
within the diabetic population and between the diabetic and non- 
diabetic populations. Comparing diabetic lenses, there is no signi- 
either when they 
ficant difference in wet weight between groups of lersesAre grouped 
according to nuclear colour or when they are grouped according to 
cortical/ 
102. 
cortical involvement. There are however significant differences of 
both dry wéight (p< 0.01) and percentage dry weight (p =0.01) when 
different cortical groupings are compared, but there are no significant 
differences between nuclear colour groupings (Figures 7.1 and 7.2). 
Significant differences in wet and dry weights and percentage 
dry weights can be shown between diabetic and non -diabetic lenses of 
particular morphologies. In the nuclear groups, only those with no 
nuclear colour show a significant difference between diabetics and non - 
diabetics, the diabetics having a lower wet weight (p< 0.05) although 
diabetic yellow nuclear cataracts do show a marked decrease in wet 
weight (Figure 7.2). Within the cortical groupings, a marked but not 
significant decrease in wet weight can be seen in immature cortical 
and cuneiform plus cupuliform diabetic cataracts and an increase in 
the wet weight of cuneiform cataract. (Figure 7.1) The dry weights of 
cupuliform and cuneiform plus cupuliform cataractous lenses are 
significantly higher (p<0.05 and p<0.01 respectively). 
It can be seen from figures 7.1 and 7.2 that the wet, dry and 
% dry weights of diabetic lenses follow a pattern similar to that of 
non -diabetic lenses, but with a greater difference between the values 
in both nuclear and cortical groupings. The high dry weight of lenses 
with cupuliform involvement is inconsistent with the microscopic 
studies on diabetic posterior subcapsular cataract by Streeten and 
Eslagian (1978) who showed the presence of bladder cells and areas 
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Comparison of the wet weights, dry weights and percentage 
dry weights (presented as the mean ± 1 S.E. ) of diabetic 
lenses grouped accordingly to their cortical morphopathology 
regardless of nuclear colour. Comparisons are also made 
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Fig. 7.1 CORTICAL INVOLVEMENT 
Not sig. 






Comparison of the wet weights, dry weights and percentage 
dry weights (presented as the mean ± 1 S.E.) of diabetic 
lenses grouped accordingly to their cortical morphopathology 
regardless of nuclear colour. Comparisons are also made 
between the wet, dry and percentage dry weights of diabetic 




























NUCLEAR COLOUR cataract. 
Comparison of the wet, dry and percentage dry weights (presented 
as the mean ± 1 S.D. ) of diabetic lenses grouped accordingly to 
their nuclear colour regardless of cortical involvement. Comparisons 
are also made between the wet, dry and percentage dry weights of 
diabetic and non- diabetic lenses of similar morphopathology. 
103. 
non -diabetic lenses does suggest some influence of the diabetic state 
over this parameter. Perhaps one possible explanation of diabetic 
posterior subcapsular cataracts is that in the event of osmotic 
imbalance at the anterior face of the lens, not only is water 
taken up from the aqueous humour causing an increase in wet weight, 
but also 
as seen in cuneiform cataracts, /water may /be drawn from other sites 
in the lens, perhaps the posterior cortex, allowing protein in those 
areas to become disarranged and irreversibly changed so that when 
the anterior cortex returns to its normal state, other areas cannot. 
might 
The water which would return to these areas /cause. the formation of 
bladder cells and liquefaction allowing proteolysis and the loss of small 
lens. Alternatively, the water may be 
peptides from the / lost from the lens resulting in a lower wet 
weight. However, the number of lenses considered here is very small 
and a much larger group must be analysed to verify these findings. 
Protein Profiles. 
While it was suggested that nuclear colour in diabetic cataract 
was independent of the disease, when the lenses are grouped according 
to nuclear involvement and their protein profiles matched against 
However 
non -diabetic cataracts of similar morphopathology. /the complement of 
increased and decreased subunits differs between groups both in the 
W.S. and U.S. fractions (Tables 7.6 and 7.7 and Figure 7.3). Two 
smaller groups, brown nuclear plus cuneiform and brown nuclear plus 
mature cortical cataract, contained sufficient numbers for statistical 
comparison (Tables 7.8 and 7.9 and Figure 7.4). The degree of 
variation in each of these groups was much greater, in that more 
subunits were involved, than in the larger brown nuclear cataract 
group./ 
Table 7.6. Comparison of the mean percentage values (± 1 S.D. ) of 
(a) the W.S. fractions and (b) the U.S. fractions of cortical 
cataracts with no nuclear involvement from diabetics and 
non -diabetics. 
Table 7.7. Comparison of the mean percentage values (± 1 S.D. ) of 
(a) the W.S. fractions and (b) the U.S. fractions of yellow nuclear 
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Schematic representation of Tables 7.6, 7.7 and 7.8 indicating which 
sub units of (a) the W.S. fraction and (b) the U.S. fraction of diabetic 
lenses are present at significantly higher (Ill ) or lower (t ) levels 
when compared to similar non -diabetic lenses. The lenses are grouped 
according to nuclear involvement regardless of the cortical morphopathology 
IIl IV 
0 1 2 3 4 5 6:1 2 3 
V 






Schematic representation of Table 7.9 indicating which sub units 
of (a) the W.S. fraction and (b) the U.S. fraction are significantly 
raised (111 ) or lowered ( ) in diabetic lenses with different 
cortical morphopathologies when compared with non -diabetic lenses of 
similar morphopathology. In this case the lenses considered are 
those with a brown nucleus plus cunei forni (BN CUN) opacity and 
those with a brown nucleus plus mature cortical opacity (BN MAT). 
104. 
group. This observation is an indication of how much information may 
be lost by the pooling of results. Differences which are characteristic 
of different stages of cataract may be obscured. However, some var- 
iation can be seen to be common to all diabetic cataracts. For example 
III2 of the W.S. is high in both brown nuclear plus mature and in the 
total brown nuclear group. II13 of the W.S. is low in both brown 
nuclear plus cuneiform and the total group of brown nuclear cataracts. 
V6 of the U.S. is the total brown nuclear group and both of the 
subgroups mentioned. One phenomenon which is not illustrated by these 
results is the variation in subunit III1 of the U.S. fraction. This 
subunit is either very low or undetectable in a significantly large num- 
ber of diabetic individuals. But there is also a group of diabetics 
in whom this subunit is elevated. By pooling the diabetic together, 
these significant changes in the value of III1 are lost. 
Table 7.10. 
Levels of subunit III 
o 
of the U.S. fraction in diabetic and non - 
diabetic individuals. 
% value of III1 Diabetic Non- diabetic 
0.5 11 33 44 
0.5 - 3.9 28 399 427 
4.0 5 30 35 
44 462 506 
X 2 = 17.33 p< 0.0005 
105. 
2. Cataracts from Patients with Retinitis Pigmentosa. 
Bellows and Bellows (1975b) include cataracts caused by retinitis 
pigmentosa in a group termed Cataracta Complicata. These cataracts are 
defined as occurring as a result of some other ocular disease and are 
divided into two groups; those resulting from diseases of the post- 
erior segment and those from diseases in the anterior segment. Opac- 
ities in the posterior segment begin, usually, in the posterior 
cortex, but the authors do distinguish them from other posterior 
subcapsular cataracts with which they share some characteristics. 
Dilley, Bron and Habgood (1976) also aver that posterior subcapsular 
cataract is the typical change in retinitis pigmentosa but their 
microscopic studies suggested that the mechanisms of opacification 
showed similarities with those in senile cataract and aging lenses 
implying that there was one common mechanism which could be 
triggered by different stimuli. A further consideration is that 
of the genetic type of retinitis pigmentosa - dominant, recessive or 
sex -linked. Sorsby (1951) suggested that cataract is an expression 
of the dominant genetic disorder but that the association is less 
clear in the recessive form. 
Ten cataractous lenses from patients with Retinitis Pigmentosa 
were obtained from various sources. Two of the lenses were from 
one patient. The information sent with these lenses was rather 
scant, except for three. Two of these' three lenses had a posterior 
subcapsular cataract (one at least coming from a patient with dom- 
inant retinitis pigmentosa) and the other a brown nuclear plus early 
anterior subcapsular cataract. Because of the lack of detailed 
information it was difficult to compare the wet, dry and percentage 
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Schematic representation indicating which sub units are relatively 
high (Ill ) or low ( % ) in the W.S. and U.S. fractions of lenses 
from patients with Retinitis Pigmentosa (R.P.) compared with the general 
population of cataractous lenses from the Edinburgh area. 
I II III ' IV V VI 
1 1 2 3 0 1 2 3 4 5 6 1 2 3 1 2 3 4 5 6 A VAI 7 Al . W / 
Fig. 7.7 
Schematic representation of Table 7.12 indicating which sub units 
of the W.S. and U.S. fractions are significantly raised ( ) or 
lowered (', ) in a group of seven R.P. lenses which give similar 
protein profiles compared with a group of three R.P. lenses which 
give protein profiles which are different from those of the group 
of seven. 
Fig. 7.6. (i) Superimposition of the densitometric traces of the W.S. 
fractions of (a) seven lenses from patients with retinitis 
pigmentosa (R.P.) which gave similar traces and (b) three 
lenses from R.P. patients which gave traces unlike those 
of the group of seven. 
(i.i);Average traces for the W.S. fractions of the two groups 
of lenses from the R.P. patients : (a) the group of seven 
and (b) the group of three. 
(iii) Superimposition of the densitometric traces of the U.S. 
fractions of the two groups of R.P. lenses described: 
(a) the group of seven and (b) the group of three. 
(iv) Average traces for the U.S. fractions of the two groups 
of R.P. lenses : (a) the group of seven and (b) the 
group of three. 
Grouping of the seven R.P. lenses was based on the similarity of their 
profiles while the other three were grouped as "the rest ". This was the 
case since information regarding their morphopathology was absent in all 
but three cases. Two of the lenses had posterior polar subcapsular 
cataracts and were members of the group of seven. The third had an 
anterior polar subcapsular plus a brown nuclear cataract and was one of 
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However, protein analysis by isoelectric focusing provided results 
which showed these lenses to be different in their protein profile 
from anything else. (Table 7.11 and Figure 7.5) Seven of the ten 
lenses including the two with posterior subcapsular cataract, pro- 
duced remarkably similar traces and percentage values both for the 
W.S. and U.S. fractions. The remaining three including the brown 
nuclear plus anterior cortical cataract constituted a less homogeneous 
group. (Figure 7.6 and Table 7.12). 
When the ten lenses were treated as one group and compared with 
non R.P. lenses (Table 7.11 and Figure 7.5) a number of features are 
apparent; first of all, the presence of subunit III 
0 
which has rarely 
been observed in the general population of lenses and secondly high 
levels of I1 and low levels of IV2 V3 and VI1 in both the W.S. and 
U.S. fractions. These comparisons are relative rather than statistical 
and in relation to all the groupings considered in chapter six. A 
statistical comparison has been made between the group of seven 
similar profiles and the other three (Table 7.12) and the variations 
are illustrated in figure 7.7. If it is the case that the seven 
similar cataracts were the direct result of a similar type of R.P., 
then it may still be the case that the other three, while being different 
from the group of seven, are being affected, directly or indirectly, 
by the disease, since they still show differences from the general 
population of cataract lenses. 
3. Cataracts from Leprosy Cases. 
Thirty two cataractous lenses were obtained from a Korean leper 
colony. One other lens, was also obtained from a Korean who was 
not an ex- leper. They were transported in saturated ammonium sulphate 
solution. Because of this, no weight measurements could be made. 
These cataracts were examined in vivo and / 
107. 
and morphopathological descriptions obtained. Twenty eight had a 
white nucleus and of those, twenty five had additional cortical 
involvement; 10 immature, 14 mature and 1 hypermature. The other 
five all had mature cortical involvement and varying nuclear involve- 
ment; 1 with yellow, 3 with brown and 1 with no nuclear colour 
(Table 7.13). The non -leper lens was white nuclear plus mature 
leprosy 
cortical. In addition to,/ or perhaps as a consequence of the disease, 
also 
all the patients suffered from uveitis and all were/ being treated 
with either atropine or hyoscine. Eleven patients were receiving 
cortico- steroid treatment. These factors may have had some additional 
or synergistic effect during cataractogenesis. 
In making some general comparisons between the series of lenses 
from Edinburgh and the Korean leper lenses (whose average values 
are listed in table 7.14), there appears to be an inverse relation- 
ship between the W.S. and U.S. fractions. In the W.S. some subunits 
in groups I, II and III are high while those of groups V and VI 
are low. On the other hand in the U.S., some subunits in groups 
II and III are low while those of group V are high. Subunit IV2 is 
relatively low in each case. When the groups of lenses with the following 
morphopathologies:white nucleus plus immature cortical involvement, 
and white nucleus plus mature cortical involvement are compared with 
lenses of similar morphopathology from Edinburgh the same pattern 
of difference is seen in each case (Table37.15 and 7.16 and Figures 
7.8 and 7.9). 
There is little difference however between the leper lenses with 
immature and mature cortical involvements (Figure 7.10). This is 
also the case, but to a greater degree, between lenses of similar 
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Fig. 7.8 
Schematic representation of Table 7.15 indicating which sub units 
are significantly raised (Ill ) or lowered ( ) in lenses from 
Korean ex- lepers. The W.S. and U.S. fractions of white nuclear 
plus immature cortical cataracts are compared with lenses of similar 
morphopathology from Edinburgh. 
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N 
Schematic representation of Table 7.16 indicating which sub units 
are significantly raised (III ) or lowered (', ) in lenses from 
Korean ex- lepers. The W.S. and U.S. fractions of white nuclear 
plus mature cortical cataracts are compared with lenses of similar 
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Schematic representation indicating which sub units are 
significantly raised (Ill ) or lowered ( 0 ) in white nuclear 
plus mature cortical cataracts when compared with white nuclear 
plus immature cortical cataracts. The comparison is made 
within two populations; (a) lenses from Korean ex- lepers and 
(b) lenses from the Edinburgh area. 
Fig. 7.11. (i) Superimposition of densitometric traces of the W.S. 
fractions of white nuclear plus immature cortical cataracts from 
(a) the Edinburgh area and (b) a Korean leper colony. 
(ii) Average traces for the W.S. fractions of white nuclear 
plus immature cortical cataracts from (a) the Edinburgh 
area and (b) a Korean leper colony. 
* 
(iii) Superimposition of densitometric traces of the U.S. 
fractions of.white nuclear plus immature cortical 
cataracts from (a) the Edinburgh area and (b) a Korean 
leper colony. 
* 
(iv) Superimposition of densitometric traces of the W.S. 
fractions of white nuclear plus immature cortical 
cataracts from (a) the Edinburgh area and (b) a Korean 
leper colony. 
* 
While variation is expected within the groups of cataract analysed, 
the variation may appear exaggerated in this figure since some samples 
from different lenses were isofocussed on separate occasions. Because 
of this and the fact that the pH gradient may vary between gel runs, 
the peaks may take different slopes, sometimes high and narrow and 
other times low and broad. The areas, as integrated by the densi- 
tometer, show less variation; the range of the values for the profiles 
in fig. 7.11 can be seen in Table 7.15 and those for the profiles 
in fig. 7.12 in Table 7.16. 
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Fig. 7.12. (i) Superimposition of the densitometric traces of the W.S. 
fractions of white nuclear plus mature cortical cataracts from (a) the 
Edinburgh area and (b) a Korean leper colony. 
(ii) Average traces for the W.S. fractions of white nuclear 
plus mature cortical cataracts from (a) the Edinburgh 
area and (b) a Korean leper colony. 
(iii) Superimposition of the densitometric traces of the U.S. 
fractions of white nuclear plus mature cortical cataracts 
from (a) the Edinburgh area and (b) a Korean leper colony. 
(iv) Average traces for the U.S. fractions of white nuclear 
plus mature cortical cataracts from (a) the Edinburgh 
area and (b) a Korean leper colony. 
* 
While variation is expected within the groups of cataract analysed, 
the variation may appear exaggerated in this figure since some samples 
from different lenses were isofocused on separate occasions. Because 
of this and the fact that the pH gradient may vary between gel runs, 
the peaks may take different slopes, sometimes high and narrow and 
other times low and broad. The areas, as integrated by the densi- 
tometer, show less variations the range of the values for the profiles 
in fig. 7.11 can be seen in Table 7.15 and those for the profiles 
in fig. 7.12 in Table 7.16. 
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Fig. 7.13. Superimposition of the average traces for (a) the W.S. 
fractions and (b) the W.S. fractions of white nuclear plus mature 
cortical cataracts in lenses from the Edinburgh area ( - - -) and from a 
Korean leper colony () plus the single trace from a white nuclear 





One question remaining is whether the differences between the 
leper and non -leper lenses are due to the disease, or to the difference 
in handling since the Korean leper lenses were stored and transported 
in saturated ammonium sulphate, while the Edinburgh lenses were frozen 
on extraction and stored in liquid nitrogen until used. The conclusion 
that some of the differences at least are due to the disease is supported 
by the results obtained from the one Korean lens which had a white 
nucleus plus mature cortical involvement and which was handled in 
exactly the same way as the leprosy lenses. These results (Table 7.12) 
show that the protein profile (in the W.S. fraction especially) of this 
lens resembles similar lenses from Edinburgh, and differs from lenses 
from Korean lepers. Further support comes from some preliminary 
findings - which will be no more than mentioned here - from analysis 
of lenses from India and Sri Lanka. These lenses mainly have brown 
and dark brown nuclear opacities and some have cortical involvements. 
They were treated in the same way as the Korean lenses, and although 
some differences in the protein profile are seen when they are compared 
to Edinburgh lenses, of similar nuclear colour these differences are 
not those observed to distinguish leper and non -leper cataracts: in 
other words, ammonium sulphate specific changes are not observed. 
DISCUSSION. 
While it has been shown in chapter six that the protein profiles 
of lenses differ with the location within the lens and with the stage 
of maturity of the opacity, the additional information of the presence 
of a disease has shown that even within a population of lenses, 
homogeneous/ 
homogeneous with regard to morphology, differences are present. 
Although it may be argued that, genetically, every lens must be 
different, statistical comparisons between groups establishes also 
that there is homogeneity within a group and, therefore, that the 
features of that group are a reflection of either the site of the 
lesion, or the effect of some cataractogen, ,or both. Moreover, the 
109. 
analysis of individual lenses before pooling the results allows 
grouping of the lenses at different levels. For instance, pooling 
of results to give the three populations: diabetic, R.P. and leprosy 
cataractous lenses, allowed the identification of some general trends 
characteristic of those populations respectively. However, splitting 
these populations to give smaller groups; in the case of diabetic 
lenses, those with brown nuclear plus cuneiform cataracts and those 
with brown nuclear plus mature cortical cataracts, and in the case 
of leper lenses, those with white nuclear plus immature cortical 
cataracts and those with white nuclear plus mature cortical cataract, 
allows a wider range of comparisons to be made. Comparisons can be 
made between lenses of similar aetiology but differing morphopathology 




EPIDEMIOLOGY OF CATARACTS 
It has been shown in the two previous chapters that if 
cataracts are grouped according to morphopathology, there are charac- 
teristics of the protein profiles which are indicative of that 
hand 
grouping, but on the other / a group of lenses characterised by 
the type of opacity need not necessarily be a homogeneous group. Such 
non -homogeneity is associated with differing aetiologies, as for example 
the case of diabetic cataracts, or cataracts from leprosy patients 
each of which groups shows a different value for certain subunits 
when compared to cataracts of similar morphopathology but different, 
(albeit unknown) aetiology. 
In order to extend the value of this project, a group of 
people, including a scientist, a general practitioner, two 
ophthalmologists, a clinical chemist and a statistician, were 
brought together as a team to collect and analyse a formulated list 
each patients and controls 
of information for individual in a populat for of / (Appendix A). 
social 
The information collected included data on the patients/background, 
medical history, some familial data, the present ophthalmological 
as screened by serum samples 
status, and clinical chemistry/ in addition to the biochemical 
already discussed here. 
results of the individual lens analyses/. The data were then analysed 
using the Statistical Package for the Social Science (S.P.S.S.) 
(Nie et al, 1975). 
Single Factor Association 
Analysis of data from the first 895 patients has shown a number 
of single factors to be significantly associated with cataract 
while some others show predominance in the control population. 
There is a significantly increased level of cataract incidence in 
individuals with diabetes (P<0.0001), cardiovascular disease (especially 
in those individuals treated with antihypertensive drugs) (PG0.002), 
high blood pressure (P40.001) and other eye diseases (14.05) (Tables 
8.1 to 8.4). Also there is an increased incidence in individuals 
treated with major tranquilisers (barbiturates, MAOI, tricyclics and 
phenothiazines as opposed to the minor tranquilisers, valium and librium) 
(P<0.05) (Table 8.5). These drugs were grouped together to allow 
statistical comparisons to be made between small groups. With larger 
numbers, they will be considered individually. Drugs (including miotics 
and steroids) applied topically to the eye were used more frequently 
by the cataract population (P<0.0005) (Table 8.6) although there is no 
increase in individuals treated, either systemically or topically, 
with corti.costeroids when they are considered separately as a group 
of drugs. There is, however, a lower incidence of cataract both 
in individuals who had suffered from serious infective bacterial 
illnesses (P<0.005) and those treated with antibacterial drugs (P= 0.005) 
(Tables 8.7 and 8.8) and in individuals who are not total abstainers 
from alcohol (P40.0001) (Table 8.9). 
With respect to plasma constituents higher levels of urea and 
fasting plasma glucose (P<0.0001 in each case) are observed in patients 
while lower levels of calcium, cholesterol, total protein, albumin 
(P <0.0001 in each case), total CO2 (P<0.0005), phosphate (P<0.05), 
alanine aminotransferase (PG0.01) and asparagine aminotransferase 
(P 40.05) are observed (Table 8.10). 
Single factor assessment, while illustrating some significant 
association, has the disadvantage of not taking into account 
other relevant data. Two examples are blood pressure and fasting 
glucose levels in the plasma. The significance in the former may 
be affected by those in the population who are being treated with 
antihypertensive drugs, which are being used to control blood 
pressure, and in the latter by those in the population who are 
112. 
overt diabetics although their glucose levels should be controlled 
eg. by a drug regime. In fact, when the necessary elements are 
removed from the total population, the significance remains (Tables 
8.11 and 8.12) thus illustrating that individuals with high 
plasma glucose levels, whether they are overt or occult diabetics 
or not, are at risk, and also those with very high blood pressure. 
Those individuals who had received antihypertensive drugs, 
although in most cases their blood pressure was controlled, were 
still at risk, however ( 33 of the 658 patients and 1 of the 187 
controls). This suggests that medication does not confer significant 
protection against cataract in this instance although at this 
stage it is difficult to determine whether cataract in this drug 
treated group is due to the complaint or the treatment. 
Multifactorial Analysis 
Since the total population for which data is available is 
relatively small, the subgroups which would be required for 
multifactorial analysis are, as yet, insufficient.àlthóugh it has been 
out some analyses 
possible to carry / . for a small number of parameters. The factors tested 
so far are four plasma constituents; glucose and urea, both 
of which increase the risk of cataract when their levels are 
raised, and urea and CO2, both of whose levels are significantly 
higher in controls. The results show, in these cases, that 
when two risk factors (high glucose and high urea) are combined, 
there does seem to be a synergistic effect, 9.0% of patients as 
opposed to less than 1% of controls having both high (Table 8.13). 
When two "protective" factors (high cholesterol and high. CO2) 
are combined, the protection is at a level similar to high 002 
alone which is a good deal less than with high cholesterol 
(Table 8.14). While high CO2 appears to reduce protection when 
113. 
combined with high cholesterol, it does not appear to reduce the 
risk when combined either with high glucose (Table 8.15) or 
high urea (Table 8.16). High cholesterol, however, balances 
the risk with high urea (Table 8.17) but only halves the risk 
with high glucose (Table 8.18). From these examples it can be 
seen that combinatorial analysis may be helpful in determining the 
negative synergism. 
interaction of risk factors and the possibility of positive or/ 
Discussion 
Epidemiological studies on cataract have been carried out 
throughout the world and from them various incidence rates have 
been proposed. However, the figures are not always comparable 
since the definition of cataract may vary between authors as well 
as the type of population studied. Caird et al (1965) found that 
in Oxford, one in 2,000 of the population over the age of 
twenty require cataract surgery, the rate increasing with age. 
Seventy -five per cent of the cases are classed as senile cataract. 
These figures agree with Sorsby's (1962) finding for England and 
Wales but are rather less than after the age of 59 which 
was found by Brennan and Knox (1975) in Coventry. In India 
(Chatterjee, 1973) it was found that in the Punjab there was 
a higher rate of cataract at lower altitudes than in the 
Himalayas, the rates varying from 7.2% down to 1.2%. Chattergie also 
found that there was an earlier age of onset of cataract in India 
than in Western countries. Taylor (1980) found that cataract 
incidence in Australian Aborigines was significantly related to 
itself related to the number of 
latitude, . / hours of sunlight per day, and ultraviolet -B 
radiation levels. The average rate for the population studied 
was 33%. Such high rates have been found in other countries of 
similar latitude; Zi_5% in Kenya (Bisley, 1963), 35% in Nigeria 
114. 
(Osuntokun and Olvtrin, 1973) and 40% in India and Pakistan (Spector, 
1974). In South Africa, Mann (1966) found cataract incidence to 
vary between ethnic groups; 10% in Europeans, 15 -16% in Bantu and 
33% in Indians. 
Aetiological factors have also been studied. Both McGuinness 
(1967) and Caird (1973) found an increase in cataract surgery 
in diabetes although not of cataract itself. Axelson (1973) 
and 
identified a number of drugs including demacarium j echothiophate 
in high levels, 
as cataractogens. While antibiotics, /have been found tc "be 
cataractogenic in two non -human systems - polymycin B in rats 
(Cotlier and Apple, 1976) and sulphonilamide in cultured lenses 
a higher 
(Edwards et al, 1973) - in the present study, /prevalence of 
antibiotic use has been found in the control population. The 
Framingham Eye Study (Kahn et a1, 1977 a and b) considered a 
local population who, thirty years previously, had been under 
investigation for coronary risk factors. They found an overall 
prevalence of senile cataract between ten and fifteen per cent and 
a significant association, in at least some age groups, between 
cataract and the following single variables; casual blood sugar 
(as opposed to fasting blood sugar in this study), systolic blood 
pressure (as opposed to diastolic blood pressure in this study), 
height, vital capacity, serum phospholipid and hand grip strength. 
The present study has taken into account a large number 
of variables, some of which have already shown statistical 
significance, some of which, with larger numbers, may yet show 
statistical significance and others which almost certainly will be 
redundant. Some of the associations have agreed with the previous 
literature and others have conflicted. The identification of 
one may hope, 
such associations will allow combinatorial investigations, which,/ 
will leadto the identification of individuals at risk and the 
preventive measures which may be taken. 
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TABLE 8.1 INCIDENCE OF DIABETES 
Patients Controls Totals 
Non -diabetics 619 (91.2%) 195 (100%) 814 
Diabetics 60 (8.8 )/3) 0 (0'/0) 60 
Totals 679 195 874 
2c2 = 17.79 P<o.0001 
TABLE 8.2 CARDIOVASCULAR CONDITION AND TREATMENT 
Totals Patients Controls 




505 (73.5 %) 
28 (4.1 %) 
36 (5.2 %) 
1 (0.1 %) 
166 (85.1 %) 
2 (1.0%) 
7 (3.6 %) 





Antihypertensives 34 (4.9%) 1 (0.5 %) 35 
Surgical 1 (0.1%) 2 (1.0%) 3 
Other 53 (7.7%) 13 (6.7%) 66 
Multiple 29 (4.2%) 3 (1.5 %) 32 
Totals 687 195 882 
2= 22.83 P <0.002 
TABLE 8.3 BLOOD PRESSURE AND CATARACT 
Patients Controls Totals 
Very Low, 60 mm Hg 9 (1.4 %) 6 (3.2 %) 15 
Median Range 556 (84.5 %) 171 (91.4 %) 727 
Very High, 120 mm Hg 93 (14.1 %) 10 (5.3%) 103 
Totals 658 187 845 
9 
2C- = 14.01 P<0.001 
116. 
TABLE 8.4 OTHER EYE DISEASES AND CATARACT 
Patients Controls Totals 
No other eye disease 553 (84.2 %) 159 (90.0'/) 712 
Other (specified)eye disease 101. (15.8 %) 16 (9.1 %) 120 
Totals 657 175 832 
7c2 = 5.01 P<o.o5 
TASTE 8.5 USE OF PRYSCOACTIVE DRUGS 
Patients Controls Totals 
None 561 (81.4%) 166 (85.1 %) 727 
Major 53 (7.7%) 5 (2.6/0) 58 
Minor 75 (10.9/0) 24 (12.3 %) 99 
Totals 689 195 884 
= 6.71 P<0.05 
TABLE 8.6 USE OF DRUGS TOPICALLY APPLIED TO THE EYE 
Patients Controls Totals 
Non -use 618 (93.9%) 183 (99.5 %) 801 
Use 40 (6.1 %) 1 (o.%) 41 
Totals 658 184 842 
x 2 = 9.58 P <o . 005 
117. 
TABLE 8.7 INCIDENCE OF CATARACT AFTER 
SERIOUS INFECTIVE BACTERIAL ILLNESS 
Patients Controls Totals 
No SIBI 578 (75.8%) 126 (64.9%) 6111E 
SIB1 165 (24.2%) 68 (35.1%) 233 
Totals 683 194 877 
2 = 9.19 P4 o. 005 
TABLE 8.8 USE OF P_NZ'IFiIUTIC DRUGS 
Patients Controls Totals 
Non -use 661 (96.6 %) 182 (93.3%) 843 
Use 23 (3.4 %) 13 (6.7%) 36 
Totals 684 195 879 
2 = 4.19 P<o.o5 
TABLF; 8.9 ALCOHOL CONSUMPTION 
Totals Patients Controls 
Total abstention 293 (43.0%) 53 (27.2% 346 
Low occasional use 230 (33.7°;) 104 (53.3%) 334 
Moderate use 134 (19.6 %) 28 (14.4 %) 162 
High use 17 (2.5 %) 6 (3.1 %) 23 
Very high use 8 (1.2%) 4 (2.1 %) 12 
Totals 682 195 877 






























































































































































































































































































































































































































































































































































































































































































TABLE 8.11 ASSOCIATION OF CATARACT AND BLOOD PRESSURE 
EXCLUDING INDIVIDUALS WITH HYPERTENSION 
Patients Controls Totals 
Very low 9 (1.4 %) 6 (3.2%) 15 
Medium range 533 (85.3%) 171 (92.0%) 704 
Very high 83 (13.3%) 9 (4.8 %) 92 
Totals 625 186 811 
2( 
2 
= 13.6 P<0.001 
TABLE 8.12 PLASMA FASTING GLUCOSE IN NON- DIABETICS 
(DATA FROM AN EARLIER STAGE IN THE SURVEY) 
Patients Controls Totals 
5.8 mmol/l 372 (86.7%), 99 (96.1 %) 471 
} 5.8 mmol/i 57 (13.3%) 4 (3.9%) 61 
Totals 429 103 532 
120. 
TABLE 8.13 COMBINATION OF TWO HIGH RISK FACTORS; 
HIGH GLUCOSE AND HIGH UREA 
(NORMAL INCLUDES THOSE INDIVIDUALS WITH LOW LEVELS) 
Patients Controls Totals 
High Glucose and High Urea 55 (9.0%) 1 (o.8%) 56 
High Glucose and Normal Urea 66 (10.8 %) 3 (2.4 %) 69 
Normal Glucose and High Urea 151 (24.8 %) 19 (15.c %) 170 
Normal Glucose and Normal Urea 341 (55.6 %) 104 (87.8 %) 445 
Totals 613 127 740 
x2 = 34.63 P<o.0005 
TABLE 8.14 COMBINATION OF TWO LOW RISK FACTORS; 
HIGH CHOT.FSTEROL AND HIGH CO2 
(NORMAL INCLUDES THOSE INDIVIDUALS WITH LOW LEVELS) 
Patients Controls Totals 
High Cholesterol and High CO2 31 (4.7%) 11 (5.7 %) 42 
High Cholesterol and Normal CO2 78 (11.9%) 72 (37.3%) 15o 
Normal Cholesterol and High CO2 54 (8.3%) 20 (10.4 %) 74 
Normal Cholesterol and Normal CO2 491 (75.1) 90 (46.6 %) 581 
Totals 654 193 847 
. 
2 
= 73.02 P< 0.0005 
121. 
COMBINATION OF HIGH AND LOW RISK FACTORS 
(IN EACH CASE NORMAL INCLUDES THOSE WITH LOW LEVELS) 
TABLE 8.15 HIGH GLUCOSE AND HIGH CO2 
Patients Controls Totals 
High Glucose and High CO2 
High Glucose and Normal CO2 






Normal Glucose and High CO2 6o (9.2%) 10 (5.6%) 7o 
Normal Glucose and Normal CO2 472 (72.4 %) 166 (92.2%) 638 
Totals 652 18o 832 
x f= 34.51 P< 0.0005 
TABLE 8.16 HIGH UREA AND HIGH CO2 
Patients Controls Totals 
High Urea and High CO2 33 (4.8 %) 4 (2.6 %) 37 
High Urea and Normal CO2 192 (27.9%) 26 (13.3 %) 218 
Normal Urea and High CO2 56 (8.2%) 28 (14.4 %) 84 
Normal Urea and Normal CO2 406 (59.1 %) 138 (70.7 %) 543 
Totals 687 195 882 
X 2= 24.08 P4 0.0005 
TABLE 8.17 HIGH UREA AND HIGH CHOLESTEROL 
Patients Controls Totals 
High Urea and High Cholesterol 67 (9.9%) 14 (7.3%) 81 
High Urea and Normal Cholesterol 157 (23.1 %) 16 (8.3 %) 173 
Normal Urea and High Cholesterol 142 (20.9%) 71 (36.8%) 213 
Normal Urea and Normal Cholesterol 313 (46.1 %) 92 (47.6%) 405 
Totals 679 193 872 
2 x = 33.25 P < o.0005 




High Glucose and High Cholesterol 
High Glucose and Normal Cholesterol 






Normal Glucose and High Cholesterol 172 (24.9%) 83 (42.8 %) 255 
Normal Glucose and Normal Cholesterol 398 (57.T %) 107 (55.2%) 505 
Totals 690 194 884 
2 = 42.12 P < 0.0005 
APPENDIX A 
First three cards for collection and computer storage of 
information from the population of cataract patients and controls. 
Card 1 includes information on the individual's social background 
and general medical background, Card 2 includes information on the 
ophthalmological record of the individual and Card 3 includes 
information on the clinical chemistry of the individual. Each 
Card may carry up to 80 items each of which may be scored for a 
maximum of 12 alternatives. 
2ataraci Analysis and Epidemiology .ping Schedule 
Card N imbcer 
Case Number 






Status /Paiient Control Relative 
1 3 
Occupation Physical hazard 
(specify) 
11 NA. 12 NK 0 None 
Trauma - particles (e.g.m.ini.ng. 
lathe opera tor,quarrying) 
2 'Trauma, other (cg. diving) 
3 Heat (cg. Foundry, glass blowing,) 
potter 
t Light (eg. Welding, microscopy) 
5 Radiation, other (eg. microwave 
ovens, communications 
engineering, radar, X-ray) .. 
P Other, specify 26 
Occut2at:Lon , Chemical Hazard 
(specify) 
11 NA 12 NK 0 None 
1 Organic solvents (paint, dry 
cleaner etc.) 
2 Anaesthetist:. 
3 Brewing /barman 
.' Chemical manufacturing, 
petroleum 
5 Fertiliser or crop spraying 
6 Ashphalting, catillcing, etc. 
9 Other, s ped ly 27 
Year ;' Admission 
to Trial. 


















Sex A' /K Mile Female 
12 1 
Occupation, Other hazard 
11 NA 12 NK 0 None 
1 Exposure to human infections 
2 Exposure to animal infections 
Other, specify 28 
Employment CODOT code 
State occupation of 
Individual 
NA.1l . NK.12. 
29 _ 
Status CODOT code 







1 3 20-29 










Origin 12 NI: 
1 British Isles 
2 Europe 
3 Africa 15 years UK 
4 " First generation 
5 India 15 years UK 
6 " First generation 
7 Other (specify) 15 years in UK 
8 As 7, first generation 
25 
3y 36, 36 31 32 
3cÌ 
Cataract Analysis and Epidemiology Coding Schedule 
Card number 
1 Medical Conditions & treatment 
Cardiovascular 
S^ 
11 NA. 12 NK 0 None 1 Untreated 
2 Digitalis 8 Other, specify 
3 Warfarin 9 Multiple 
4 AntihyperLen3.ives 
b Surgical 
Experiment Serial Number 
12 13 14 15 
t q -1 
1 Status/Patient, Control Relative 





11 NA. 12 NK. 0 None. 1 Untreated 
2 Drug treatment (specify) 
3 Surgical 
4 Other, specify 








h & Lothian 1 Edinburg
2 NW Scotland 
3 NE " 
4 5E 
6W 
G Rest of Britain 
7 Immigrant - recent 
8 Immi grant) 1 5 years 
____17_ 
Renal ' 
11 NA 12 NK 0 None 1. Untreated 
2 Drug (specify) 
3 Surgical 




J.I. NA 12 NK 0 None i Untreated 
2 Drugs (specify) 
3 Irradiat ion 










4 Services, merchant navy 
5 Industrial estate (rural 
û No fixed address 
I.ndocrinolobicai EXCLUDING DIABETES 
St.t. 
1 NA 12 NK 0 None 1 Untreated 




8 Other (specify) 
9 Multiple. 
Weight, Kg. 42- '.i.3 




He ight , cm . 4-- 1}.b - 4.1 
11 NA 12 NK O None 1 i;rt treat ed 
7 Diet alone 
3 Ural hylru;_rl.ycaemics 
4 Insulin 
Multiple MEDICAL: HISTORY 
Serious infective illness - Viril. 
1. Yes Specify 







A of onset of diabetes 
t 
[-- 1 
11. NA 12' NK 
0 0 -9 years 4 40 -49 years 
j. 10 -19 years 5 50 -59 years 
2 20-29 years Fi 60 -69 years 
3 30 -39 years 7 70 -79 years 
S 30+ years 
Serious infective illness - bacterial 
1 Yes Specify 




11 NA 12 NK O None 
Experiment Ser - . ; Number 
12 13 14. 15 
Status /Patient Control Relative 
1 2 3 
i 
Rheumatoid 
11 NA 12 NK O None 
2 Drugs (specify) 
3 Surgery 




Drug history Regular use or 
more than 4 months continuous use 
Traruli.til i sere, 





5 Valium, Librium 
1 Untreated 
8 Other, specify 
9 Multiple 
Hypnotics 
11 NA 12 NK 0 None 
1 Mogodon 
Cancer 2 Choral hydrate 
11 NA 12 UK O None 1 Untreated 3 Paraldehyde 
8 Other, s loc ifs 
9 Multiple 
2 Drugs (specify 
3 Surgery 
4 Irradiation 
8 Other (Specify) 
9 Multiple 5F 
Immunolo7icxai 
11 NA 12 NK O None 1 Untreated 
2 Drugs 
t3 Other (specify) 
Multiple 
Mental & CNS 
11 NA 12 NK O None 
2 Anticonvuisants 
3 Surgery 
8 Other (specify) 
9 Multiple 
Analgesics 





8 Other, Specify 
ç) Multiple d(c 
1 Untreated 
Respiratory 
11 NA 12 NK 0 None 1 Untreated 
2 Drugs (specify) 
8 Other (specify) 
9 Multiple 
Antihistamines 
11 NA 12 NK O None 
i Yes (specify) 
.(c° Hormones - excluding 
) contraceptives, corticosteroids 
11 NA 12 NK O NOne 
1 Yes, Specify 
Chronic infection (specify) 
11 NA 12 NK O Nose 1 Untreated 
2 Drugs (specify) 
8 Other (specify) 
Multiple 
Oral Contraceptives 
il NA 12 NK 0 None 





Experiment Serial Number 
1 
11 Ni lti Nt O Nono 
-----17- 
1 low, «ct7>sior;al use 
2 Moderate (1-1 pint:a/youhles) 
3 hit,i ccge (5-1(3nints bot . I 
13 14 3. 5 4 Very high use ( 10 Cants ; bott 3 ct 
Alcohol (Daily average intake) 
Status /Patient Control rtela.ivr 
1 2 3 
Drug fistory 
Thrt icosttvroiits 
13 NA 12 NK C) None 
I Systemic (oral) 












8 Other (specify) 
mul t i p1o' 
Vasodilators 











Rh 12 NK (? None 
Low, occ:s s ;_ ctrt.,1 
Moderate ( 10 c: ig. /tf . 
tBign use (10-1(1/c4. 
Very 9tiy-t, use ( 40/ù. 
Self-md1.t icra9.i.;;n 
111 NA 12 NK 
3 Antacids 
2 I.P.i:a? i`.aCrs 
3 Cough rep :1 x t i.ar e s 
8 Other, Specify 
9 Liultiplct 
0 None 
Boproc:ui, t ive la is tory 
$ 1 Ni 4 12 NtC U None 
] 1-4 children 
2 5-10 
3 Over lU children 
Age of menopause 
Diuretics 
11 NA 12 NK O None 
1 Yes, Specify 












pre- medication before blood taken for clinical chemistry: 
CATARACT ANALYSIS AND EPIDEMIOLOGY 
Medical Record: Ophthalmological Record raye .l 
1 Card 
For Patients under 10 years. 
Medical history of mother during Number 
pregnancy. 
Experiment Serial 2 3 4 5 Infection NK 12, NA 11, 
Number None 0, Yes 1, (specify) 19 
j a us: 
Patient 1 
Control 2 
6 Drues NK 12, NA 11, None 0,20 
Yes 1, (specify). 
Relative 3 
Familial Data Illness. NK 12, NA 11, 
21 Numberof Ascertainable 8 Ñone,O, Yes 1, (specify) 
First Degree Relatives 
I ' ura er o as ar ac s own os 
ascertained in °$Tat dPer. 
9 Othe Nl11, No 0, relatives. i 22 e (specify) 
Number of ascertainable non 
Consanguineous relatives 
(spouse, adopted sibs, 




Glaucoma NK 12 NA 11 No O 
' ' ' 10 1, 2, Bóth 3, 23 
é 
Secondary 4, 1 
Number of Cataracts known or 
ascertained in non consanguineous 
relatives 
Uveitis NK 12, NA 11, No. 0, 
knterior 1, Posterior 2, 24 ath 3, 
l Macular Degeneration mown ene C na t . ons o 
Individual: 
NK 12, NA 
NK 12, NA 11, No. O, 25 
12 Yes 1, Chromosomes 11, 
L Ill None O, Yes 1_, (specify) 
Ketabolism NK 12, NA 11, 
Hypertensive Retino aP thy 
NK 12, NA 11, No.0, 26 
None O, Yes 1, (specify) 133/es i, . 
27 
--°- 
Seeleton NK 12, NA 11, 
Diabetic Retina ath 
14 
ye 1' N 11 
' 
No 
' None O, Yes 1, (specify) Yes l 
Skin NK 121 Na 11, Retinal Detachment 
25 NK 12, NA 11, No O, 28 None O, Yes 1, (specify) 
Y'es 2, 
CNS NK 12, NA 11, None 0, 
Yes 1, (specify). 
Physical In 'ury NK 12, 
16 
NA 11, No. t, Perforating 1, 
Percussive 2, Radiation 3, 29 
-ultiple 4, 
Endocrines NK 12, NA 11, then E e Conditions 
None 0, files 1, (specify) 17 Buphthalmos gecuS 
eg. (Microphthalmia) s 
at NK 12, NA 11, None O, 
Yes 1, (specify). 
(Keratpconus) S 
NK 12, NA 11, No O Mod 3 ra Yes I, (specify) Sever 4 30 
I. tI , 1 
J 
CATARACT ANALYSIS AND EPIDEMIOLOGY Page 2 
Refraction before onset of 
cataract 31 32 33 LII 
-Maturity tioF- N/101-,,r,21 
NK 12, NA 11, faere-Ivimi45.- 4h 
Mature 2, Hypermature 3, 
Refraction at presentatioJ 
34 35 36 
Years between First Record of 
Cataract and Operation 
NK 12, NA 11, 0 -1 0 
2 -5 1 
6 -10 2 
11 -15 3 





NK 12, 1A 11, White 1, Yellow 2 




NK 12, NA 11, Blue dot 1, 
White dot 2, Coronary 3, 
bd + cor 4, bd + wd + cor 7, 
wd + cor 5, 47 
bd +wd 6 
r-- 
Distortion of Lens 





NK 12, NÁ11, Clefts 1, 
Vacuoles 2, Granules 3, 
Iridescence 4, multiple 9ft 
-Posterior 
NK 12, NA 11, Clefts 1, 
Vacuoles 2, Granules 3, 
iridescence 4, Multiple 9 
-Peripheral 
NK 12, NA 11, Clefts 1, 
Vacuoles 2, Granules 3, 
Iridescence 4, Multiple 9 
-Lamellar 
K 12, NA 11, Clefts i, 
Vacuoles 2, Granules 3., 
Iridescence 4, Multiple 9 
-Sectorial 
K 12, NA li, Clefts 1, 
Vacuoles 2, Granules 3, 
Iridescence 4, Multiple 9 
-Sutural 
NK 12, NA T17-Clefts. a., 
Vacuoles 2, Granules 3, 
Iridescence 4, Multiple 9 
-Cuneiform 
NK 12, NA7IT7-IerWfts 1, 
Vacuoles 2, Granules 3, 
Iridescence 4, Multiple 9 
39 
LEFT EYE 
Glaucoma NK 12, NA 11, No 0, 
OA 1, CA 2, Both 3, 49 
Secondary 4, 
Uveitis NK 12, NA 11, No 0, 






NK 12, NA 11, No O, 
Yes 1, (specify) 
51 
HyTertensive Retinopathy 
NK 12, NA 11, No 0, 
Yes 1, (specify) 
52 
Diabetic Retinopathy 
NK 12, NA 11, No O, 









NK 12, NA il, No O, 
Perforating 1, , 
Radiation 3,. Multiple 4, 55 
43 
Cc:»'- ç s s o n 2 




(Ke ratoconus ) 
NK 12, NA 11, No O, 




mod 3 56 
Severe, 14 
Refraction Before Onset 
of Cataract 
57 58 59 




Botween First Record of 
Ctti,ract and Operation 






, 16-20 4 
, 
. 20* 5 
cClassification of Cataract 
;(clinical appearance) 
:Nuclear 
IN1:. 12, NA 11, White 1, 




IN4 12, NA 11, Clefts 1, 
iVacuoles 2, Granules 3, 
ilridescence 4, Multiple 9 
page 3 
Othei 
NK 12, NA 11-, Blue dot 1 
White dot 2, Coronary 3, 
bd + cor 4, bd + wd + cor 7, 
wd + cor 5 
bd + wd 6 
Distortion of Lens 
NK 12, NA 11, 
Pseudoexfoliation 1, 
63 Displacement 2, 
1 
-Posterior 
IL,: 12, NA 11, Clefts 1, 
!Vacuoles 2, Granules 3, 
Topical Applications of iruris 
NK 12, NA 11, None 01 
Miotics 1, AdrenAlin 2, 
Steroid.3, Other 4, 
(specify) 




INK 12, NA 11, Clefts 1, 
Vacuoles 2, Granules 3, 67 
ilide,.;cence 4, 
-Lamellar 
NK 12, NA 11 Clefts 1 
Vacuoles 2, Granules 3, 




12, N1\ -T1, Clefts 1, 
Vcuoles 2, Granules 3, 6q 
f--- 
Tr idecone 4, Multiple 9 
-Sutural 
1:1,1 12, NA 11, Clefts 1, 
Jcuoles 2, Granules 3, 70 
IriAescence 4, Multiple 9 F-- 
-Cuneiform 
NK 1.2. NA-71;---C-lefts 1) 
Vacuoles 2, Granules 3, 
-fl.. 
Iridescence 4 Multiple 9 
----------- 
-Maturty 
::K 12,_ NA 11, 









2 3 5 49 50 51 Experimental 






9 10 11 54 55 56 
Sodium r Trialycerides 
12 13 Plasma Glucose, 57 58 59 
Potassium Fasting 
14 15 Plasma Glucose, 2h 60 61 62 
Total CO 
2 
Post Glucose Load 
16 1718 19 
Urine Analysis 















25 26 27 28 
I 1 
Calcium 
29 30 31 
Phosphate 
32 33 
.34 35 36 37 
Creatinine 
38 39 40 
Urate 
J 





It has been possible to classify a large number of human 
cataractous lenses, grouped according to nuclear colour and cortical 
morphopathology by their protein profiles. This has permitted a 
number of biochemically defined groups to be selected with sufficient 
numbers to allow statistical tests to be made on a number of parameters. 
Further, some groups of lenses with the same morphopathology could 
be subdivided on the basis of some known aetiological factors and it 
was found that a distinct aetiology was reflected by a distinct 
biochemical profile. 
Cortical opacities were considered on the basis of their 
position within the lens and stage of maturity but without further 
subdivision according to the appearance of the opacity, that 
is whether there were water clefts, granules or vesicles. Such 
subdivision would have yielded too large a number of groups each 
consisting of too few cases, so that statistical analysis would be 
difficult. However, as this project continues, larger numbers will 
allow such comparisons to be made and, therefore, yield more 
information on the cataractogenic processes involved. In the 
meantime, it has been established that the term "senile cataract" 
is an unsatisfactory classification for a group of Jenses;'which are 
heterogeneous in many aspects, many of which may have associations 
do 
with particular conditions and/ not, therefore, represent an ageing 
process/ 
124. 
process as such. 
The distribution of cataract types between the sexes was consistent 
not 
and /significantly different from the ratio of females to males (1.8 : 1) 
in the total population considered. Although figures are not available 
for the sex distribution with age in the Edinburgh area, the general 
observation that women live longer than men, and the observation made 
in this thesis that the male population had a significantly lower 
mean age than the female population, it might be suggested that 
women are not at greater risk than men despite the prediction of 
Weale (1979) that women are more liable to cataract than men due 
to increasing lens thickness with age. 
The descriptions of the cataracts analysed in this study were 
made prior to extraction without any information on the duration 
or rate of progression of the cataracts. Differences in ages of 
onset or rate of maturations cannot, therefore, be assessed. However, 
white nuclear and cupuliform cortical opacities were shown to 
cause impairment of vision such that surgery was required at a sig- 
nificantly earlier age than with other forms of cataract. 
Details of the age of onset and progression of cataract would 
be useful in the interpretation of the analysis of the wet, dry and 
percentage dry weights. It was shown in this analysis that the wet, 
dry and percentage dry weights must be related to the age of the 
lens at the time of cataract initiation rather than the age at 
the time of extraction. This is the case especially for cortical 
cataracts and, in particular, subcapsular opacities involving 
areas where there is active cell growth and protein synthesis. The 
balance/ 
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balance of the water soluble : water insoluble protein must also 
be affected by the duration of the cataractogenic process. 
Further subdivision of the selected cataract groups into age 
groups, is for the purposes of this study, of little use since this 
operation also, would yield too large a number of groups each 
with too few cases. However, in the future, when larger numbers 
would be available, such an operation would be useful since, apart 
from the various cataractogenic processes, there is a natural ageing 
process in which the protein profile of the lens changes due to 
the addition of newly synthesised material and also by post- synthetic 
modifications of proteins already present : neither of these processes 
necessarily lead to cataractogenesis although the latter may bring 
about a situation within the lens which makes it more susceptible to 
cataractogenic agents. 
In the introduction, the evidence from the literature cited 
showed that there are a small number of identifiable direct gene 
products in each of the family of crystallins - c{, /J anda - but, 
in addition there are a large number of modified gene products, 
this number increasing with age. From some preliminary results 
mentioned in this thesis, it is evident that the number of poly - 
peptides present in the lens, as separated by 2- dimensional gel 
electrophoresis, is large and that some of them share similar 
isoelectric points or molecular weights. Thus, the number of bands 
distinguished by isoelectric focusing does not reflect the number 
of different polypeptide chains in the lens. Instead, some bands, 
separated in one dimension, may represent two, three or more poly - 
peptides. However, given that some bands at least are not homo- 
geneous/ 
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homogeneous and, secondly, that not all of them have been characterised 
unambiguously with respect to its crystallin identification, the 
comparisons made between lenses are still valid, since the differences 
must be real regardless of the crystallin identification. Assessment 
would however be affected if cases were to occur where a band 
consisted of two constituent subunits and a decrease in one was 
offset by an increase in the other so that the percentage value of 
that peak on a denstometric trace remained unchanged. 
However, all the data show that differences do occur 
between groups of lenses and that each classified group is uniquely 
characterised by the selection of subunits modified in amount, 
some being present at higher levels and some at lower levels than 
average. In general, the subunits which are provisionally identified 
as alpha -crystallin - or, at least, the peaks which described as 
containing alpha -crystallin - (II2, 113, III6, VI2 and V1) exhibit 
variation with changes in the nuclear region and those peaks 
provisionally identified as - or containing - /3- crystallin (IIl, 
II2, II3, III1, 1I12, I1I3, II14, II15, IV1 and IV3) exhibit variation 
with changes in the cortex of the lens. These are general observations, 
however, and it is not a rule that only Q( -crystallins are affected 
in nuclear cataracts and only 43- crystallins in cortical cataracts. 
The nature of the group V subunits has been tentatively described 
as cross -linked and aggregate material.and since the amount of 
this material increases, in the U.S. fraction particularly, both 
with increasing cortical and increasing nuclear involvement, it 
might be suggested that cross -linked heavy molecular weight protein 
in/ 
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in the human cataractous lens may contain both a - and ¡S -crystallin; 
and since little ó -crystallin is found in either the W.S. or U.S. 
fractions at its usual isoelectric point (group I) it may be 
suggested that bt -crystallin too is involved in cross -linking and 
aggregation. It could be argued that involvement in aggregation 
is a more likely fate for ó -crystallin rather than leakage from 
the lens (it being a low molecular weight protein) since it is 
located mainly within the nucleus of the lens and, secondly, since 
it has a high sulphydryl content, a factor which is predisposing 
to covalent cross -linking. 
Finally, a number of single variables have been associated with 
cataract but, again, these associations have been made on the basis 
of information collected 
exact nature of the relationship, with respect to being either 
cause and effect, different symptoms of the same condition or totally 
independent but coincidental symptoms, is unclear in some cases. 
However, the degree of statistical significance of these associations 
would rule out the third option. The use of drugs associated with 
cataract would probably fall into the category of cause and effect 
as would some of the medical conditions such as diabetes and high 
blood pressure. There are, however, some situations where it may 
be uncertain whether it is the medical condition or the treatment 
which is the cause. With high blood pressure,for instance, the 
risk of cataract is increased and this risk is not decreased when 
the condition is controlled with antihypertensive drugs, which 
themselves are associated with cataract. The question remaining 
is/ 
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is whether the initial risk of cataract with high blood pressure 
is not reduced even although the condition is controlled and whether 
the association of antihypertensive drugs with the incidence of 
cataract is fallacious or at least exaggerated. Alternatively they 
may both increase the risk and act synergistically. A similar 
example exists with glaucoma and the drugs used to treat it. 
Multifactorial analysis in the future, when numbers are large enough, 
will allow investigation of such possible synergistic interactions. 
Levels of a number of blood plasma constituents have been 
found to differ significantly between patients and controls. Two 
constituents, urea and glucose, are both high in patients, the 
others which are significantly different being lower. The 
measurements were made just previous to cataract extraction and, 
therefore, the degree of cause and effect is uncertain. Monitoring 
the levels of constituents over a period of time during the 
initiation and progression of cataract would allow correlations to 
be made. However, their association with cataract is highly 
significant in each case and in some cases in agreement with previous 
findings in the literature. For-instance, hypocakaemia has been 
associated with cataract (Hanno and Weiss, 1961; Pohjola, 1962) 
while high levels of calcium in the lens have been found both in 
nuclear cataracts (Duncan and van Heyningen, 1976; Jedziniak et al. 
1976). This inverse relationship might suggest that the lens might 
act as a sink in the body along with some other organs for some 
plasma constituents. Cholesterol follows a similar pattern to calcium 
in that there is an inverse relationship between levels in the blood 
and/ 
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and levels in the lens. High serum levels appear to afford some 
protection against cataract. This finding, which may be unexpected, 
may have some support from the work of Rodrigues and Krehl (1951), who 
found that a high fat diet reduced the fregeuncy in diabetic rats, 
and Heffley and Williams (1974) who found that the incidence of 
cataract in rats fed on a high galactose diet was reduced with 
increased levels of egg in the diet. But contradictory evidence 
was put forward by Bornstein and Nelson (1949) and Charalampous 
and Hegsted (1950) who found that a high fat diet brought about 
an earlier manifestation and increased the rate of progression of 
diabetic cataract in the rat. Hammar (1965), on the other hand, 
found that a high fat diet neither protected against nor increased 
the risk of cataract in diabetic rats. 
Some preliminary findings using combinational analysis has 
shown that there is a synergistic effect when two high risk factors, 
high glucose and high urea levels, are combined. Also, the 
counteractive effect of combining hiigh and low risk factors differs, 
counteraction in some cases resulting in reduced risk and, in others, 
resulting in removal of the risk. 
Future studies will involve statistical analysis of cataract 
aetiological factors linked to the crystallin subunit analysis. In 
this way, not only the risk of cataract and the susceptibility of 
the lens to various cataractogenic agents will be found, but also 
the individual subunits which are affected in each case. This 
may help to elucidate the biochemical pathways involved in the 
development of cataracts of different aetiology but similar morpho- 
pathology/ 
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morphopathology since much is already known about the chemistry 
of the crystallins, for instance their amino acid composition, 
sulphydryl content and their susceptibility to post -synthetic 
modifications including cross- linking deamidation and glycosylation. 
It is hoped that larger patient and control populations will 
allow multifactorial analysis so that combinations of factors 
which will reduce the risk of cataract may be identified. Identi- 
fication of individuals who have some predisposition to cataract, 
whether genetic or environmental, might, in turn, allow preventive 
measures to be taken to at least reduce, if not remove, the risk 
of cataract in those individuals. 
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Introduction 
Modifications of the protein content of the lens associated with cataract 
formation have been reported regularly for many years: recent reviews are those 
of Nordmann (1972, 1977), Barber (1973) and Harding and Dilley (1976). 
Changes include loss of low molecular weight crystallins, formation of high 
molecular weight complexes and insolubilisation associated with cross -linking 
(Roy and Spector, 1976;Kramps et al., 1976). 
Cataracts are customarily divided into nuclear cataracts, further subdivided 
by colour; or cortical, which may be described by area (posterior, anterior, 
peripheral) and further described by the appearance of the lesion (vacuoles, 
clefts, granules, separated fibres). Since there is an ontogenic shift in the 
crystallin composition of successively formed lens fibres (Clayton, 1974) and 
marked differences in the quantitative composition of different regions of the 
lens (Bours et al., 1976) the site and nature of the lesion must be reflected by 
the changes in the crystallin profile. In addition, membrane properties and 
growth conditions affecting mitosis and metabolism of lens cells produce modifi- 
cations in the profiles of crystallin synthesis (Clayton et al., 1976a). 
To date analyses of the crystallin content of human cataractous lenses have 
been based on pooled material, and most studies have used methods of crystallin 
separation of moderate resolving power. Such studies are designed to determine 
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Medicine, University of Edinburgh. 
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major changes in cataractous lenses rather than to search for possible differences 
amongst varieties of cataract. However, several lines of evidence show that there 
is a range of different kinds of modification of the crystallin profile. For 
example, Dilley and Pirie (1974) found insolubilisation of proteins of the 
nucleus, without modification of the cortex, during the development of nuclear 
cataract and immunoelectrophoretic analyses of X -ray and galactose- induced 
experimental cataracts show similar but not identical modification of crystallin 
content (Manski et aL, 1976). 
Recent studies of the crystallin profile of genetic cataracts in animals have 
shown distinctive patterns of change. Two different cataract mutants in the 
mouse produce genotype- specific characteristic distortions of the quantitative 
profile of crystallin subunits in the water- soluble (WS) and urea -soluble (US) 
compartments (Day and Clayton, 1972; Truman et aL, unpublished). Two 
genetically distinct lens defects in the chick of similar morphopathology are 
similarly distinguished by their crystallin profile (Clayton et aL, 1976a, b). 
A cataractous mutant in the axolotl alsó.lias several quantitative modifica- 
tions of the crystallin composition (Brahma and Bours, 1976). 
An examination of the data presented by Maraini and Mangili (1973) 
suggests that the quantitative balance in a- crystallin subunits differs when 
normal lenses and nuclear, posterior cortical and anterior cortical cataracts are 
compared. Hoenders (1976) also found differences in the subunit balance of 
pooled normal and cataractous lenses. There has not yet been an investigation 
of cataracts of different morphopathology or aetiology to determine whether 
they may be distinguished by specific changes in crystallin polypeptides, and 
to determine whether there is significant heterogeneity within classes of 
cataracts. 
Studies of the composition of the soluble crystallins of cataractous lenses 
might be expected to yield more detailed information if studied by fractionation 
techniques of high resolution, such as isoelectric focusing (IEF) in non -dis- 
sociating conditions (Bours, 1971; Brahma and Bours, 1976; Kramps et aL, 
1976). The individual polypeptide chains can be studied by isoelectric focusing 
in dissociating conditions (Truman and Clayton, 1974) and this procedure, 
which must give even more detailed information than that obtained from 
analyses of dissociated material, is in principle applicable to both the WS and the 
US fractions of a cataractous lens. 
We present here a study of the changes in the quantitative profiles of WS 
and US crystallin polypeptide chains in 93 individual catáractous lenses of 
different types. 
Distinctive crystallin profiles have been observed which characterise dif- 
ferent types of cataract, suggesting that the location of the lesion and the 
mechanism of cataractogenesis may be reflected in selective modifications of the 
quantitative balance of the crystallin subunits. 
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Materials and Methods 
Lenses 
Before surgery, each lens was examined by ophthalmoscope and slitlamp microscopy. 
The classification and detailed appearance of the lens was recorded along with relevant data 
from the clinical history which was available for each patient. Lenses were frozen on solid 
CO, immediately after extraction and stored at -20 °C (usually for 3 days but for not 
longer than 2 weeks) until assayed. The wet weight was measured before and the dry weight 
after homogenisation. 
Preparation of the WS and US Fractions 
Each lens was homogenised in 0.5 ml 0.01 M phosphate buffer, pH 7.2, containing 
10 mM p- mercaptoethanol (pME), centrifuged for 10 min at 12,000 g and the supernatant 
retained as the WS fraction. The remaining pellet was washed seven times in the buffer to 
ensure exhaustive extraction of the WS proteins, then resuspended in 0.1 ml 8 M urea in 
0.1 M phosphate buffer plus 10 mM pME and left overnight at 4 °C. The suspension was 
then centrifuged for 30 min at 30,000 g and the supernatant retained as the US fraction. 
The insoluble pellets were retained for assays of the carbohydrate content and for analysis 
of membrane protein as described in Clayton et al. (1976a). These results will be reported 
elsewhere. 
Isoelectric Focusing 
The method used is a modification of that described by Wrigley (1968). 7.5% 
polyacrylamide gels, 9.5 cm by 4 mm, incorporating 6 M urea and 0.08% of each of the 
ampholines of ranges pH 3.5 -10, pH 4 -6 and pH 6 -8, were prepared and pre -run at 
0.5 mA /gel for 30 min with 5012l of 3.5% sucrose containing 100 mM. pME and 2.5% 
ampholine pH 3.5 -10. Samples of the WS fractions of each lens were mixed with an equal 
volume of dissociating solution (11 M urea, 10% sucrose, 100 mM pME) and layered on the 
top of the gels. The gels were run at 0.5 mA /gel for 18 h at 4 °C and then fixed in 12.5% 
TCA, stained in 0.2% Coomassie brilliant blue R dissolved in a 45% ethanol, 45% H2O, 10% 
glacial acetic acid mixture and destained in the same solvent mixture. 
Scanning of the Gels 
The gels were scanned on a Kipp and Zonen /Skalar KS3 microdensican and traces were 
obtained on a Bryans XY Recorder 25000 A4, the areas under the peaks being integrated 
and expressed as a percentage of the total area under the graph (fig. 1). The traces were 
grouped according to cataract morphology and superimposed by aligning the traces with 
respect to the individual polypeptides. Where traces were obviously extremely similar in 
profile a composite standard trace was derived by drawing the curve through the mean 
values for each peak and trough (fig. 2). The average value for the area under each peak was 
also calculated (table I, parts I -VI). In order to facilitate identification the traces were 
divided into six areas and bands numbered within these areas. 
Results and Discussion 
Our sample of 93 lenses included 51 nuclear cataracts of which 14 were 
uncomplicated (12 brown and 2 yellow); the remaining 37 having in addition 
posterior polar or cortical involvement, or both. 48 lenses had cortical defects, 
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Fig. 1. Superimposition of 12 traces obtained from the WS fraction of 12 individual 
brown nuclear cataractous lenses and the average trace thus obtained. 
only 10 being uncomplicated cortical cataracts, the remainder being combined 
with posterior polar or nuclear opacities. 7 blue or white dot coronary cataracts 
were in the sample and 13 lenses came from individuals suffering from specific 
conditions associated with cataract formation which usually showed appropriate 
morphopathology, not always uncomplicated. These included 3 cortisone, 4 
diabetic and 2 mongol cataracts. 
In all cases where a number of individual lenses fell into the same morpho- 
pathological classification (for example uncomplicated brown nuclear cataract) 
the profiles were so closely similar that they could be straightforwardly super- 
imposed, and a representative trace drawn through the mean values. The area 
under each peak is obtained by integration and the average values for the 
proportion of the total protein represented in one band allows a more quantita- 
tive comparison between corresponding peaks on different traces (table I). 
Figure 2 shows the standard traces for the WS and US components of a number 
of groups of cataracts, with each peak identified numerically. There are simi- 
larities between the traces of uncomplicated brown and of uncomplicated yellow 
nuclear cataracts, while the traces from the cortical cataracts are quite different 
in their profile. Lenses with the same morphopathology but with additional 
areas of opacity or types of defect deviated from the standard pattern for the 
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Fig. 2. Average traces of the WS ( ) and US ( ) fractions of (a) mature white 
cortical cataract (5 cases); (b) brown nuclear cataract (12 cases); (c) yellow nuclear cataract 
(2 cases); (d) blue dot plus coronary plus posterior polar subcapsular cataract (4 cases); 
(e) cataracts extracted from mongol patients (2 cases). 
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main class in some areas of the trace while retaining certain features char- 
acteristic of the entire group: for example; if nuclear and cortical opacities are 
present, features of both types appear in the trace. 
All the cataractous lenses in this survey had a US residue the proportion of 
which varied but which, in some cataracts (e.g. hypermature cataracts) com- 
prised most of the material. Further analyses of the insoluble fraction of each 
lens is in progress and will be reported elsewhere. 
Table I. Proportions of individual crystallin subunits in the water -soluble and urea -soluble proie 
fractions from a variety of types of cataractous lenses. Average values for the proportion of kc 
subunit are calculated from the values obtained for individual gels when scanned and integrated,an 
are expressed as percentages of the total protein content of either the water -soluble or ureasolutl 
fraction 
II III 
1 2 1 2 3 0 1 2 
Brown WS -1.6 -> 7.6 (7.0, 5.8) (4.8, 2.9, 2.1) 2.4 6A 
12.8 9.8 
Nuclear US -1.0- 2.9 4.4 4.8 2.2 2.8 
White cortical 
immature 




5.3) 4.3 7.0 




WS 4--2.5 8.6 22.0 7.6 0.3 1.4 
US 4-0.8 1.2 2.4 1.1 0.7 1.2 
White cortical 
hypermature 
WS 4-2.3 -- 16.1 25.5 4.6 
US 2.3 4.1 2.3 1.0 1,1 
WS 5.2 5.9 9.7 10.5 9.4 3.3 2.2 1.3 
Juvenile 
US 0.1 0.2 9.3 8.3 (3.2, 2.3) 0,3 L8 
6.5 
WS 0.8 1.1 8.6 (6.9, 4.7) 8.6 3.5 6.1 
Cortisone 11.6 
US 3.2 4.3 5.3 2.5 2.9 
WS 4-0.2-. 7.8 (3.4, 5.6) 7.2 2.3 2.1 6.0 
Mongol 9.0 
US 4-1.6-> 2.1 4.1 3.9 1.3 29 
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It is evident that some polypeptides are more readily transferred from the 
WS to the US phase than others. The extent to which this occurs for any subunit 
is dependent on the nature of the cataract. Such changes may be progressive, as 
would appear for the comparisons of the cortical cataracts in this series: the 
percentage of component VI in the US fraction increases steadily as the cataract 
becomes more mature. However, the fall in the WS and in the US phases of V1_6i 
suggest that these components may be entering the US phase. Since the total WS 
IV V VI Cases 
(top) n 
4 5 6 1 2 3 1 2 3 4 5 6 
3.4 4.3 6.5 2.5 8.2 3.3 8.6 3.6 2.2 1.2 0.5 0.3 8.5 
12 
2.8 3.9 3.4 2.9 6.6 3.6 10.5 6.0 6.4 7.4 4.3 9.5 5.5 
4.6 4.5 6.0 2.1 6.2 2.4 6.1 1.8 1.1 0.7 0.2 0.1 16.9 
4 
2.7 3.6 5.3 2.1 6.4 3.2 10.4 8.0 7.2 6.9 3.8 6.5 13.9 
1.1 -8.0- 0.3 7.4 2.3 6.8 1.1 1.7 2.1 1.4 1.2 22.9 
5 
1.8 1.5 4.5 1.7 4.8 2.6 10.0 6.8 9.1 8.4 5.0 13.1 21.9 
4.6 24.9 
4 
1.6 1.7 5.1 1.2 6.2 1.9 8.3 4.9 5.8 7.7 5.5 13.1 23.0 
5.1 5.9 1.6 -6.7- 2.2 8.0 
2 
2.4 -11.0- 0.1 11.8 5.0 t-20.5-> 7.7 5.4 2.3 1.3 3.5 
3.8 2.7 8.1 2.6 7.2 3.5 -11.7-, 1.9 1.2 0.2 11.5 
3 
2.9 2.9 4.1 3.1 6.2 3.4 9.5 5.9 6.1 7.2 4.1 8.4 13.8 
3.8 9.1 2.0 4.9 4-11.9-. 2.5 1.2 12.5 
3.0 2.8 6.0 3.0 5.5 3.7 8.6 5.3 6.3 6.3 4.5 8.2 17.3 
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fraction has decreased, in hypermature cataracts the apparent increase in the WS 
fraction of I12, and VI suggests that these two components are relatively 
resistant to change. The components in groups III, IV and V become poly - 
disperse in the WS fraction but are still susceptible of resolution in the US 
fraction: this suggests that the same subunits are less susceptible to post - 
synthetic modifications when they are in the insoluble phase. 
Some regularities were observed in some of the rarer cataracts in the survey. 
For example, the 3 corticosteroid cataracts showed similarities to each other 
with the same relative elevation of II16, and depression of III5 (fig. 2, table I). 4 
lenses were from diabetic patients, 2 had brown nuclear cataracts with other 
involvement, 1 was a white cortical cataract and 1, a blue dot coronary. 3 of the 
4 differed from all other lenses of whatever category, in that III' , was absent and 
in 3 there was an increase in the WS components in group V compared to the 
corresponding type of cataract from a non -diabetic. Thus the percentage of the 
total soluble crystallins in this group rose from 10.9 to 20.89 is brown nuclear 
with posterior polar cataract, from 11.26 to 19.5% in cortical cataract and from 
14.6 to 23.3% in blue dot coronary cataract. In all these 3 cases the US fraction 
remained unchanged. However, in the diabetic lens with both nuclear and 
cortical cataract, there was a marked drop in the WS (from 14.5 to 6.2 %) and a 
rise in the US content of group V (from 30 to 43 %) compared to similar 
non -diabetic lenses. Thus, 2 diabetics showed modifications both of III' and of 
V, WS, and each of the other 2 showed one of these two changes. This apparent 
existence of subgroups in the diabetic lens patterns may be surprising, but 
diabetics may be heterogeneous since there are subgroups in the diabetic popula- 
tion with respect to cell surface (histocompatibility) genetics (Irvine, 1977). 
The lenses with the most strikingly different composition overall were from 
the 2 juveniles (fig. 2). In addition to the marked changes in overall composi- 
tions an extra band between II3 and III' was observed. This band was present in 
only 2 other lenses of the whole sample, both from mongol patients who were 
over 50 years old. The traces from the 2 mongol patients are strikingly similar to 
each other (fig. 2). 
We are currently examining a very large number of individual lenses, and 
present here some data from the first 93 of these. It would appear that this 
sample is large enough to show that there are several distinctive protein profiles 
or traces: for both the WS and US phases, and that these characteristic profiles 
occur in association with particular subgroups of cataracts indicating that the 
site and nature of the lesion is reflected in a particular quantitative pattern of 
modifications. On the other hand, our sample is still too small to enable us to 
analyse the irregularities which in certain specific cases, are superimposed on a 
standard pattern, thus although unique features were shown by the Coppok 
cataract and the myotonic cataract only one of each was in the survey. However, 
the 3 corticosteroid cataracts showed sufficient similarities, as did the 4 lenses 
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from diabetics, to suggest that continued investigation of these types would be 
justified. These preliminary findings suggest that previous data based upon 
pooled material have obscured the possibility that loss or insolubilisation of 
proteins may not involve all the crystallin subunits to the same extent, nor even 
the same members of a class of crystallins in each cataractous lens. The 
modifications that occur may reflect the specific mechanism of cataractogenesis: 
for example; opacities may follow changes of cell membrane properties but these 
might affect cell apposition, ion and water transport, or both; or crystallin 
assembly and packing in the cell might be disturbed by various agencies, such as 
changes in osmolarity, or oxidative changes: but the effect on the porportions of 
different subunits remaining extractable in water or urea might well differ in 
these situations. Our present hope is that discriminatory analyses may provide a 
link between the various possible causes of cataract and the development of an 
opacity. 
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Summary 
Ultrasonication and aspiration is a recently developed method of lens extraction. We have attempted to determine 
whether extraction by this procedure is total or partial and, if so, whether certain regions or components are 
preferentially removed, and also whether the contents of the lens are physico- chemically modified by the process 
of extraction. The water -soluble and urea -soluble protein fractions from the ultrasonicated lenses and the contra - 
lateral intact lenses of six rabbits were analysed by isoelectric focusing. Differences are found in the crystallin 
content which indicate that extraction is frequently non -representative and that p- and y- crystallins are modified 
by the process. 
In our study of human cataractous lenses we are 
comparing the quantitative protein profiles for the 
water -soluble and urea -soluble fractions in order 
to ascertain whether there are characteristic modifi- 
cations which reflect the morphology or aetiology 
of the different types of cataract (Cuthbert, Clayton, 
Phillips, Truman, and Bartholemew, 1978 in press). 
To ensure valid results it is essential that these analyses 
be wholly comparable. For this reason we have 
fractionated and analysed the entire lens, since it 
would not be possible to separate cataractous regions 
of the lens in any controlled manner. 
A recently developed procedure for cataract 
extraction involves disintegration of the lens by 
ultrasonic energy and aspiration (Clarkson and 
Phillips, 1976). An evaluation of the effectiveness 
of this procedure involves three questions: 
(I) Whether there is significant retention of lens fragments 
or material in the eye, and if so whether this is selective 
or random; 
(2) Whether there is any biochemical or other modification 
of the lens proteins; 
(3) Whether comparative analysis of cataracts may 
reasonably be made with aspirated sonicated material. 
We have therefore compared the protein profiles 
of rabbit lenses which have been extracted by 
ultrasonication with those of the contralateral lens 
which was removed surgically. 
Material and methods 
The water -soluble and urea -soluble protein fractions were 
prepared from the following three samples from each 
rabbit : 
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(a) The intact lens; 
(b) The aspirate of the lens treated with ultrasound; 
(c) The residual, non -aspirated fragment from the treated 
lens. 
These fractions were analysed by isoelectric focusing 
in dissociating conditions (Truman and Clayton, 1974) 
in order to obtain information about the crystallin content 
of each. 
Ultrasonication and extraction of lenses 
In six rabbits, one lens was ultrasonicated and aspirated. 
The rabbits were anaesthetized and alternately the right 
or left lens was treated with ultrasonication. The depth 
of the anterior chamber was maintained by the use of a 
push -pull machine (Phillips and Wang, 1971; Phillips, 
1975), which allowed simultaneous aspiration and irrigation 
at equal rates. The ultrasonic lens fragmentor was driven 
at a frequency of 35 KHz by an electrical generator 
(Clarkson and Phillips, 1976) which delivered a total 
power input of 2.5w. This enabled the required amplitudes 
of tip vibration in the region of 50 microns peak -to -peak 
to be obtained (Clarkson and Phillips, 1975). Any lens 
fragment remaining after treatment was removed and 
kept separate. The contralateral lens of each pair was 
removed surgically as a whole lens. All three specimens 
were frozen immediately and kept at -20° C until required. 
Preparation of water -soluble and urea- soluble protein 
fractions 
Each lens aspirate was centrifuged at 10,000 r.p.m. for 
10 min and the supernatants retained as the water- soluble 
protein fractions. The lens residues and the other intact 
lenses were individually homogenized in 0.01 M phosphate 
buffer containing 10 mM ß- mercaptoethanol and the 
homogenates centrifuged at 10,000 r.p.m. for 10 min. 
These supernatants in turn were retained as the water - 
soluble protein fractions. The residual pellets were washed 
six to eight times in the buffer to ensure exhaustive 
extraction of the water -soluble proteins. The pellets were 
then re- homogenized in 6 M urea in the above buffer and 
left overnight at 4° C before being centrifuged at 
16,000 r.p.m. for 30 min. The supernatants were retained 
as the urea -soluble protein fractions, the pellets being 
the membrane protein fractions. The water -soluble 
rernatants from the aspirates were concentrated by 
rafiltration so that the protein concentration was 
nparable with the other water -soluble fractions. 
lelectric focusing 
in-layer isoelectric focusing was carried out on an 
CB 2117 Multiphor using a 7.5 per cent acrylamide 
I incorporating 6 M urea and 0.1 per cent of each 
rpholine of pH ranges 3.5 -10, 4 -6, and 6 -8. Samples 
ntaining 10 to 20 µg protein were mixed with equivalent 
lumes of dissociating solution (11 M urea, 10 per cent 
prose, 100 mM ß- mercaptoethanol) and absorbed onto 
um squares of Whatman No. 1 filter paper. The paper 
uares were placed on the gel at the anode and a current 
45 mA applied across the gel. The current, which 
creases during isoelectric focusing, was increased 
cry 5 min for the first 15 min, and then every 10 min 
til the increase switch was in the maximum position. 
ris maintained the current at 45 mA for approximately 
min after which it decreased until, after 1.5 hrs, it 
us about 20 mA. At this stage the gel was removed, 
:ed in 12.5 per cent trichloroacetic acid for 30 min, 
lined in 0.2 per cent Coomassie Brilliant Blue R in 
45 : 45 : 10 ethanol, water, acetic acid mixture, and 
:- stained in a 65 : 25 : 10 ethanol, water, acetic acid 
ixture. 
esults 
re have depended on the work of Liem -The and 
oenders (1974) for the identification of the bands 
1r this preliminary report. They fractionated 
dissociated rabbit crystallins by size on Sepharose 
B. After immunological identification of these 
.actions as a.-, ß -, or y- crystallins, they were 
issociated and analysed by isoelectric focusing 
tthe presence of urea. 
*44 
.r.w ..- .V. 
a b c a b c a 
W.S. U.S. 
G. 1 Isoelectric focusing in the presence of 6 M 
the intact lenses (a), the sonicated lens aspirates 
om the first three rabbits 
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Sonication of the first three lenses was only about 
75 per cent complete. This was calculated by weighing 
the untreated lens and the residue of the treated 
lens and estimating the latter value as a percentage 
of the former. Sonication of the second three lenses 
was complete in each case, apart from one in which 
a small fragment remained but from which no 
crystallins were detectably extracted. 
Fig. 1 shows the isoelectric focusing banding 
patterns of the water -soluble and urea -soluble 
protein fractions of the whole lens (a), the aspirate 
of the treated lens (b), and the non -aspirated residue 
of the treated lens (c) from each of the first three 
rabbits. In each case, the water -soluble fraction of 
the non -aspirated residue (c), gives a similar banding 
pattern to that of the intact lens (a) in qualitative 
terms. However, a number of bands, corresponding 
to the y- crystallins and some of the ß- crystallins 
as identified by Liem -The and Hoenders, are missing 
from the patterns obtained from the lens aspirates (b). 
In the case of the urea -soluble protein fractions, 
neither aspirate nor residue of the sonicated lens 
gives patterns similar to those of the whole lenses; 
the bands corresponding to y- and ß- crystallins are 
reduced in number and a number of extra bands can 
be seen at the anodal end of the gels. 
Only two samples were obtained from each of 
the second trio of rabbits: the intact lens (a), and the 
aspirate of the completely disintegrated lens (b). 
Fig. 2 shows the banding patterns obtained from 
the water -soluble and urea -soluble protein fractions of 
these samples. The patterns obtained from the water - 
soluble fractions of the aspirates are different from 
b c a b c a b 
w.S __ LLB- W.5 
urea of the water -soluble (WS) and urea -soluble 
(b), and the residual non -aspirated fragments of 
c a b c 
U.S. 
(US) protein fractions 
the treated lenses (c) 
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a b a b 
W.S. U.S. 
those of the intact lenses in the y and ß regions, 
but they are also different from those of the aspirates 
of the first three lenses in that the total number of 
bands is reduced because of the loss of some y- and 
ß- crystallin subunits. The differences in the banding 
patterns of the urea -soluble fractions are the same as 
for the first three rabbits. 
Discussion 
While it is clear from these results that ultrasonication 
does affect the protein profile of treated lenses, the 
exact nature of the effect remains in question. The 
water -soluble fraction of the lens residue appears 
to be normal, but it is evident that the loss of ß- and 
y- crystallins from the aspirates increases as the 
degree of disintegration is more complete. However, 
the urea -soluble fraction, not only of the aspirate 
but also of the remaining lens material, is strongly 
affected, and, in addition, new material of an acid pI 
appears in the aspirate. These data suggest that 
sonication causes an overall transfer of ß- and 
y- crystallins out of the urea -soluble fraction- 
FIG. 2 Isoelectric focusing 
in the presence of 6 M urea 
of the water- soluble (WS) 
and urea- soluble (US) 
protein fractions of the 
intact lenses (a) and the 
sonicated lens aspirates 
(b) of the second three 
rabbits 
a b a b 
W.S. U.S. 
possibly into the water- soluble fraction, but more 
plausibly into the urea -insoluble fraction, since there 
is no corresponding increase of ß- and y- crystallins 
in the water -soluble fraction of the lens residue. 
These two sets of data taken together imply that 
the probe causes physico- chemical changes which 
are very widespread, although the areas where 
complete disintegration has occurred may be very 
localized and depend upon the placing of the probe. 
The loss of ß- and y- crystallins may be due to 
two processes. One of these is possibly additional 
cross -linking and insolubilization due to heating 
or other effects (in this context, ß- and y- crystallins 
are likely to be more susceptible than a- crystallin 
because of their higher sulphydryl (SH) content). 
The second possibly involves leakage of these smaller 
molecules from a disintegrated cell. Analysis of 
the composition of the urea -insoluble fraction and 
a search for crystallins in the aqueous humour are 
both necessary to answer these questions. The 
material of low pI may correspond to cell membrane 
proteins which we have observed in other studies 
(Odeigah, 1977). 
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S 7_'r"_RY 
1. Distinct subgroups of cataracts were found, as defined by different 
relative proportions of the polypeptide chains of the lenses. Diabetic 
cataracts of whatever morphopathology differ in the relative proportions 
of their polypeptides from all other types of cataract, and cannot therefore 
tue merely to accelerated non specific senile changes. 
_o. ̂..pared with age matched controls, cataract patients have significantly 
___: levels of plasma urea and glucose, and lower levels of albumin, total 
inn and cholesterol. r=ost of the increase in plasma fasting glucose is 
-o the r:resenoe cf a diabetic sLbgroup in the cataract patients. 
- The levels p'a3L.a total calcium and albumin fail with increasing depth 
: our in nuclear cataracts and with increasing maturity in cortical 
_a=aracts. 
Cataract patients have a significantly higher incidence of glaucoma and 
uveitis. 
5. Control patients have a significantly higher incidence of arcus senilis. 
6. Cataract patients have a significantly higher usage of anti -hypertensive 
.r _is . 
7. There is a significant excess of topical drug application among cataract 
ratients. 
S. Cataract patients have a significantly higher incidence of endocr..e. 
disorders. 
To whom repr+nt requests should be addressed. 
In partial fulfilment of the degree of Ph.D. 
In partial fulfilment of the degree of ,.Sc. 
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INTRODUCTION 
It is a regular feature of diagnostic analyses that a syndrome may be 
associated with several separate underlying aetiologies and that inability 
to discriminate between them hinders both investigation and the possible 
development of rational therapy or preventive measures. 
Cataract is classified by the location of the opacity within the lens 
(e.g. nuclear or cortical) or by time of onset - (e.g. congenital or senile 
cataracts). A small number of cataracts have been specifically distinguished 
by their regular association with non -ocular pathology; the very few cataracts 
for which medical rather than surgical treatment has proved possible are from 
this group. It would be reasonable to expect, therefore, that a method for 
distinguishing accurately cataracts that are at present classified together 
on the basis of morphopathological criteria would permit further specific and 
directed investigations and eventually lead to an enlargement of the list of 
cataracts susceptible to non -surgical intervention or prevention. 
Furthermore, an investigation into the conditions which predispose to 
cataract or which constitute a liability in certain circumstances should be 
investigated with the eventual aim of designating conditions conferring 
significant risk to definable subgroups within the population. 
This report describes some preliminary results from a survey on cataracts 
in South East Scotland. On the one hand we have continued our investigations 
on biochemical profiles of individual cataractous lenses (1,2) in order to 
determine the validity of biochemical subgroups, and on the other collected 
information on the patients and on a control population matched for age and 
sex. with the eventual aim of seeking associations between ophthalmologically 
and biochemically defined subgroups with factors from the epidemiological, 
medical and clinical records. The associations are sought by stepwise 
discriminant analyses for the protein profiles, and by univariate methods for 
the epidemiological and other factors. The factors chosen for recording 
Figure 1. Sheets 1 and 2 of Patient record card 1, Epidemiology and Medical Records. 
(59 items). Each of 5 record cards covers a number of items each with a 


































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































were based on the information in the literature which is outlined below. 
Interaction of Factors Conferring Liability to Cataract 
The synergism of cataractogenic factors has received special consideration 
from Koch, Hockwin and colleagues (3,4), they term the potentiating interaction 
of a cataractogenic factor with another factor not in itself a cataractogen 
cocateractogenesis, and distinguish this from syncataractogenesis, in which 
factors not directly cataractogenic, or at subcataractogenic level, (called 
by these authors 'subliminal') may, together, give rise to cataract. 
For example, the effect of W light is potentiated by inhibitors of 
catalase, (5) and the glucocorticoid prednisone has a potentiating effect on 
galactose cataracts in rats (6). Certain medical conditions may confer 
especial susceptibility to cataractogenic agents. Corticosteroids may 
accelerate senile cataract development in kidney transplant patients and 
azathioprine may have a potentiating effect (7). Corticosteroid cataract 
also occurs in patients with rheumatoid arthritis but not in those with 
asthma,(8). Interacting factors need not produce the same immediate 
effects on the lens: X -rays and galactose feeding show synergism, but 
each alone produces a different modification of the protein pattern of the 
lens (9). 
Epidemiology of Cataracts 
Senile cataract may be said to be the rule in advanced age. 50% of all 
persons in the 6th decade, and virtually everyone by 80 years of age have 
some opacity, (10,11). Congenital cataracts were one of the four major 
causes found of visual handicap in a population of children in Holland (12). 
Operations for cataract are much more numerous than for any other . 
ophthalmological condition (13,14,15). About 75% are of the senile type. 
Figure 2a. Sheet 2 of- patient record card 2, Ophthalmological Record (57 
items). 2b. Card 5, sheet 1 of Lens Protein Analysis (39 items). 
Card 3 covers Plasma Analyses (19 items) and Card 4, further information on 
individual lenses (21 items). 
Fig.2a, for example, codes for 23 items. 
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Striking geographical and ethnic differences in the prevalence of cataract 
are found, but direct comparisons between figures should be regarded with 
caution, as differences will arise owing to different definitions of blindness, 
incomplete registration or even none at all. The percentage 
of cataract 
amongst those registered blind ranges from 3.6% in Canadian 
Eskimoes (16), 
16% - 20% in the U.S.A. (17,18), 22.6% in Britain (19), 39% 
in Nigeria (20), 
40% (18) and 10 million people (21) in India and 
Pakistan and 45% in Kenya 
(22). Even within a country, areas and groups differ. Mann, (23) 
found 
the incidence of blindness registrations in Natal, South Africa, 
to be 10% 
in Europeans, 15 -16% in Bantu and 33% in Indians. Chatterjee (24) found 
an incidence of advanced cataract that varied from 1.5 - 7.2% of the whole 
population of 5 areas in the Punjab, (in general, advanced cataracts are 
present at an earlier age in Africa and Asia than is found in Western countries). 
Genetic factors, and differences in climate, irradiation and nutrition 
have all been proposed as possible causative factors for this wide range of 
incidences and of age of onset of cataracts. Domicile and ethnic origin 
and social group are therefore amongst the factors which we record (fig 1). 
Association with Occupations 
Cataract following exposure to ionising radiations, such as X -rays, is 
well known, and the near ultra violet has been suggested as possible cause for 
the higher incidence of cataract in tropical climates, and in outdoor workers; 
and to account for the observation that the lower quadrant of the human lens 
is often the first to show cataract formation (25). 
Heat cataract from infra -red radiation was legally established as an 
occupational disease, (26): and high levels of longer wave irradiation 
(diathermy and microwave) can produce rapid appearance of cataract (27,28) 
while continued sub- threshold doses of microwaves, such as occur in certain 
occupations are associated with liability to cataract, (29,30, 31,32). Many 
drugs and chemicals are known to produce cataracts in experimental animals, 
and in humans after exposure or systemic absorption. We have therefore 





Association with other Diseases 
Selective epidemiological investigations have been undertaken where a cause 
for cataract is already known or suspected. For example, there is no increase 
in the total prevalence of cataract in diabetics over Lao years of age but 
once cataract is present progression is more rapid (11,14) Acute angle 
closure glaucoma is associated with increased incidence of cataract (j3), 
and statistical associations with blood groups have been reported (34), and 
other disease associations have also been reported (7) 
We have recorded a wide range of disease conditions in our population, 
and a series of assays of plasma levels of various components (fig.2) normally 
regarded as indicative of renal, hepatic, endocrine and other dysfunctions. 
Medication 
Certain drugs contribute to the development of lens opacity in man, 
including the anti -neoplastic agent Busulfan, corticosteroids and their 
derivatives such as Dichlorisone, weight -reducing drugs formerly in use such 
as Dinitro -o- cresol and Dinitrophenol, many miotics such as pilocarpine, 
Triparanol, (an agent formerly used to treat hypercholesterolaemia), and the 
tranquiliser 1 -Lt bis (phenylisopropyl)- piperazine (Quietidin). These 
together with other substances tested on animals and found to be cataractogenic, 
have been reviewed in detail (35). Miotics and especially cholinesterase 
inhibitors, such as diisopropyl fluorophosphate (Floropryl), paraoxon 
(Mintacol). demacarium(Tosmilen, Humorsol,) and echothiophate (Phospholine 
iodide) can be cataractogenic (36). Among antibiotics,polymyxin B has been 
found to be cataractogenic in rats (37), and among substances which induce 
opacities in the cultured lens are phenacetin and sulphonilamide 
have therefore recorded any drug used continuously for four months or more. 
Genetic Factors Conferring Liability to Cataract 
Genetic factors are found associated with cataract in man and in several 
species of animals (39,40,41). Genetic factors may be involved in senile 
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cataract (42). The clearest cases are those associated with several specific 
although rare syndromes or metabolic diseases; for example galactosemia and 
galactokinase deficiency, the mannosidoses, some of the amino -acidureas, 
pseudohypoparathyroidism, Lowers Syndrome and a few others. The discovery 
of a rare mutant may be regarded as an indication of the existence of an 
hitherto unrecognised locus concerned with a particular regulatory function 
in metabolism or development (43). Virtually all loci, if biochemical 
investigation is possible, prove to have many alleles, some fully effective 
under all circumstances examined, some of severely impaired efficiency under 
all circumstances examined3 and some associated with a liability to 
deleterious expression only in the presence of certain environmental conditions 
or specific drugs and other agencies. For example, 80 alleles of G6 -P -D 
in man were classified in this way (44), and indeed, cataract has been found 
associated with a member of this allelic series while lens G6PD is deficient 
in individuals with alleles conferring primaquine sensitivity (45,L46). 
The genotype may modify the expression of cataractogenic agencies: for 
example aldose reductase deficient mice are resistant to diabetic cataract 
(47) and pigmented rats develop naphthalene cataracts earlier than albinos 
(L48). The increasing body of evidence for pharmacogenetic variants in man 
(L49)suggests that there are very likely to be familial differences in the 
rate of metabolism of cataractogenic drugs which would affect the likelihood 
of a treated individual developing cataract. Finally there are certain 
associations which merit further inquiry. High levels of galactose are 
cataractogenic in experimental animals (50) but infants homozygous for either 
uridyl transferase deficiency or galactokinase deficiencies develop cataracts 
unless on a completely galactose -free diet (51). For these reasons we have 
recorded the existence of known genetic pathology and the presence of cataract 
in consanguineous and non consanguineous relatives. 
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The Analysis of Crystallin Composition as a Diagnostic Procedure for Specific 
Cataracts. 
Changes in the crystallin content of cataractous lenses are well attested 
(52). Cataracts may be divided into nuclear cataracts, further sub -divided 
by colour, or cortical, which may be described by area, or degree of 
involvement (posterior, anterior, peripheral, mature, hypermature) and further 
described by the appearance of the lesion (thus, vacuoles, clefts, granules, 
etc.). The site and nature of the lesion must be reflected by the changes 
in the crystallin profile ; since the crystallin balance differs according 
to the region of the lens, and may also be modified by changes in the cell 
membranes, in growth conditions (including available metabolites, ionic 
concentrations, etc.) by genotype, and other factors (reviewed 1,53,54). 
Our reasons for analysing cataractous lenses individually (fig.2), instead 
of pooled material have been fully discussed elsewhere, together with some 
preliminary results (1). 
Materials and Methods 
1. Lens Analyses All lenses are placed on solid CO2 in the operating 
theatre immediately after extraction, and stored in liquid nitrogen until 
processed for analysis. 
A. Proteins The proteins of the water soluble and the urea soluble phases 
of each lens have been resolved by isoelectric focussing in dissociating 
conditions and the relative proportion of the total protein in each peak 
measured by an integrating densitometer. The methods employed have been 
fully described elsewhere (1). Analysis of other measurements (wet weight, 
dry weight, total carbohydrate, composition of urea insoluble residue; etc.) 
are still in progress and will be described elsewhere. 
B. Statistical Procedures for Lens Analyses. Stepwise discriminant analyses 
were performed for the protein profiles for water soluble and urea soluble 
phases of each lens; of the various different cataract types using the B.M.D. 
250 
program package (55). The full details of the procedures employed will be 
published elsewhere. 
2. Statistical Analysis of Population Data Univariate analyses of 
data from patients and controls have been performed using S.P.S.S. (56). 
Since data collation is at a relatively early stage and many of the comparisons 
involve relatively rare features, results are reported which achieve 
significance at the 5% level; clearly therefore these must be treated with 
some caution, the indicated significance level being a valuable guide. 
Numbers of patients and controls may vary between tables because missing 
values have been excluded from analysis. 
3. Biochemical data Blood was collected from patients and controls 
under conditions standardised as far as possible to eliminate any errors which 
might be attributable to 'venous: stasis, or posture. Plasma was analysed 
using a Technicon Sequential Multiple Analyser and Computer (S.M.A.C.), 
using standard analytical methods. 
RESULTS AND DISCUSSION 
Protein Profiles of Individual Lenses 
The conclusions that may be drawn are the following: there are indeed 
a series of distinct subclasses of cataract as defined by their protein 
profiles (2, and fig.3). This confirms the conclusions we drew previously, 
based on a visual comparison of profiles and an inspection of values for each 
peak (1). The results for the water soluble fraction do not parallel those 
for the urea soluble in any case (2). The different variables are important 
in themselves. There is no variable which is most or least useful in all 
discriminations (2). Different variates are important according to the 
particular comparison made. 
The degree of divergence between groups of cataracts varies. In the case 
of urea soluble fractions, brown nuclear plus mature cortical cataracts are 
significantly different at the 5% level from the following: pure brown 
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nuclear, mature, cortical, brown nuclear with cuneiform cortical, brown nuclear 
with posterior polar, and brown nuclear with multiple cortical scoring. 
Comparing water solublefractions.for example brown nuclear with cortical 
involvement, brown nuclear with posterior polar differs from brown nuclear 
with cuneiform cortical involvement, at the 5% level. Both water and urea 
soluble fractions of diabetics differ significantly (at the 2.5% level) 
from the equivalent fractions of all non diabetic cataracts. 
Although there are general similarities in shape overall between the 
densitometer traces for yellow and brown nuclear cataracts respectively, (1), 
the statistical analysis of the water soluble fractions reveals that they 
are significantly different. The means for these two types are distinct 
and the populations show no overlap (fig.3a,b). This difference is highly 
significant, either there is a threshold in the transition from yellow to 
brown, alternatively the formation of a brown cataract requires a specific 
step not operative in cataracts that remain yellow. 
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Figure 3 
Computer -generated print -out of comparisons, by stepwise discriminant 
analusis, of the quantitative polypeptide chain composition of the water 
soluble fraction of cataractous lenses. 3a, YC, yellow nuclear plus 
cuneiform, BC, brown nuclear plus cuneiform. 3b, YMU, yellow nuclear 




A comparison may cause unexpected groups to emerge. Two Mongol, (Down's 
Syndrome) cataracts were previously found to exhibit a unique profile (1). 
When these were compared statistically against the non Mongol population 
a group of eight lenses clustered together at the extreme end of the 
distribution together with the Mongols. These were identified and their 
records examined. All eight had high wet weights and low dry weights, and 
four were probably congenital anomalies, or at least of early origin. 
Specific components may be compared. Fig.4 a, b, and c represent frequency 
histograms of a single component. Lea shows that juvenile cataracts are 
not in the normal distribution for the value of one of the Y crystallins, 
which is compared in 4b for nuclear and cortical cataracts. 4c shows 
that different cataracts form distinct although variable populations with 
respect to a ,3 crystallin. 
Total 
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Figure 4. 
Frequency histograms for the quantitative levels of a specific polypeptide 
chain in different types of cataract. 4a) 't crystallin (subunit I(1)) 98 
cataracts, juvenile cataracts cross hatched. Lb) 38 cortical cataracts, 15 
nuclear cataracts. Lc) . crystallin, (subunit III2) 59 mixed cortical 
cataracts. 12 pure nuclear, 12 early cortical, 9 brown nuclear mature cortical, 
32 brown nuclear multiple cortical. 
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Component 3(1) in the urea soluble phase (1) is absent in about 50% (7/16) 
of diabetic cataracts of varied morphopathology, but in about 10% (22/210) 
of non diabetic cataracts. The same component in the water soluble phase 
was absent in about 40% (6/15) of diabetic cataracts and in about 536 (7/146) 
of non diabetics. (A number of patients were found to be undisclosed diabetics). 
Other differences were also found: for example 10 diabetic lenses of widely 
varied morphopathology but with cupuliform involvement, differed from 37 
diabetic lenses without cupuliform involvement (P <0.01), the values being 
41% (s.d. 6.7) and 29.8% (s.d. 10.3) respectively. Of 179 non diabetic 
lenses, 58 with cupuliform involvement had 32.2% dry weight (s.d. 9.4) and 
121 without such morphology had 27.8% dry weight (s.d. 11.0). Diabetic 
lenses with cupuliform involvement seem a special group, and this suggests 
that cupuliform pathology may not have a uniform biochemical significance. 
The finding that diabetic cataracts of whatever morphopathology have special 
features is not compatible with the currently accepted view that diabetes 
merely accelerates the formation of a senile cataract. 
Although biochemically defined subgroups have emerged from this analysis, 
it is not possible to form hypotheses at present regarding the relationship 
between morphopathology and the relative susceptibilities of the different 
crystallins to loss or insol ubilisation. 
The Patient and Control Groups 
These results represent only a preliminary screening of our population 
of some 300 individuals. (Transformations will be applied where necessary 
before any final analysis, and the data from the much larger population we 
now have will be incorporated). 
Some observations cannot yet be interpreted. For example the incidence 
of cataract in non consanguineous relatives of controls is 9% but of patients 
0.8%. We must ascertain what proportion of controls are motivated to 
volunteer because their spouse has cataract. 
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Our results confirm the previous findings on the association of cataract 
with uveitis (7.3% cf patients, 1.2% of controls, P<0.025), glaucoma (13.8% 
of patients, 0.6% of controls, P <0.0001) and diabetes (patients 12.3%, 
ccntr_ls S, P <_0.0001). Cataract is also associated with topical 
application of drugs (6% compared to 0.6 %, P <0.025), these included miotics 
which have previously been implicated (35,36), and corticosteroids (of 
ases in 127 patients, 2 used miotics, 3 corticosteroids, and 3 used both 
' case in controls used adrenalin). 
No s__ __`_cant differences have emerged so far between patient and control 
_ups in the incidence of respiratory, renal or cardiovascular disease, 
u- _`_:_.,_o endocrine conditions were found more often in patients, (6.6% 
respectively, P <0.025). 
=here were no significant differences in the use of diuretics, 
-= __steroids, anticonvulsants, antibiotics, vasodilators, or tranquilisers, 
-_.. _. i__ he required to assess possible assymetric distributions 
within a general class). There was however a significant 
fief __ =--_c in c_ -_ use cf antihypertensive drugs as a treatment for 
______._s._.ciar disease (Table 1). The incidence of hypertension is being 
i__ be re. _ted elsewhere. 
ar _ _--_ _-._ Treatment 
Patients Controls 
._rill:-- -u -a- ci iiti-Jn 











136 166 302 
The .,lache_ical assays on plasma consituents of 138 patients and 167 
_.__._:Is are shoes in Table 2, and components showing significant differences 
between 16 diabetics and 289 non -diabetics in Table 3. 
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TABLE 2 
Plasma Constituents of Patients (P)_ and Controls (C) 
Mean (s.d.) Mean (s.d.) Significance 
UREA(m.mol /1) P 5.81 (2.06) C 5.36 (1.29) 0.0204 
CO2(m.mol /1) P 27.55 (3.40) C 28.44 (2.34) 0.0073 
ALANINE P 14.48 (16.70) C 20.91 (31.02) 0.0297 
AMINOTRANSFERASE (u /1) 
TOTAL CALCIUM (m.mol /1) P 2.39 (0.119) C 2.46 (0.103)0.0001 
CHOLESTEROL(m.mol /1) P 6.03 (1.42) C 6.66 (1.23) <0.0001 
ALBUMIN (g /1) P 40.80 (3.60) c 43.13 (2.24) <0.0001 
TOTAL PROTEIN (g /1) P 69.67 (5.82) C 73.14 (4.61) <0.0001 
PLASMA FASTING P 6.08 (3.50) C 4.76 (0.54) <0.0003 
GLUCOSE(m.eol /l) 
No significant difference overall: Na +, K , bilirubin, alkaline phosphatase, 
inorgouic phosphate,creatinine, urate,.aspartate aminotransferase, 
triglyceridet. 
TABLE 3 
Plasma Constituents of Diabetics (D) Vs Non -Diabetics (ND) 
D, 16, ND, 289 Means, (s.d. in brackets) 
Mean (s.d.) Mean (s.d.) Significance 
UREA ND 5.51 (1.59) D 6.91 (3.08) 0.0015 
PLASMA FASTING ND 4.95 (0.83) D 12.90 (7.42) <0.0001 
GLUCOSE 
Lenses with cortical cataract contain grossly elevated levels of free and 
bound calcium (57,58) especially in fully opaque cortical cataracts. Levels 
in nuclear cataracts are less well clarified: they were found to 
be normal 
in pooled nuclear cataracts (57,59) or at least very variable 
(60), but 
there is evidence that brown nuclear cataracts contain higher 
levels than 
yellow nuclear cataracts (59,60). 
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In contrast to these reports of raised calcium in lenses with cataract, 
we find depressed levels in the plasma of cataract patients overall, with 
a fall with increasing depth of nuclear colour, while within the cortical 
group, the levels also show a declining trend with increasing severity of 
involvement.(Tables 4 and 5). The lowest levels were found in the 3 
hypermature cataract patients. In the diabetic group, the means for both 
calcium and albumin are similar to those of the mature cortical and yellow 
nuclear groups. 
TABLE L 












Brown Red -Brown Significance 
2.37 2.37 0.0383 
(0.119) (0.139 
ALBUMIN 42.5 43 40.7 39.3 37.7 < 0.0001 
(3.15) (3.04) (3.i6) (3.42) (5.13) 
TOTAL PROTEIN 71 72 71 68 62 0.0010 
(5.0) (5.3) (6.2) (5.4) (5.0) 
UREA 4.65 5.23 5.78 5.47 5.50 0.0132 
(1.66) (1.66) (1.80) (2.34) (1.74) 
TABLE 5 
Cortical Cataracts: Plasma Constituents 
++ 
Early Ma.tvre Hypermature 
Not 
Ca 
2.142 (0.123) 2.140 (0.106) 2.33 (0.611) 
significant 
at 5% 
ALBUMIN 41.7 (3.3) 40.8 (3.2) 38.7 (47) Trends 
only 
ALKALINE PHOSPHATASE 88.76 (43.3) 163.65 (374.4) 85.67 (45.1) 0.0339 
Both the optical appearance and the anomalous values for calcium and 
albumin for white nuclear cataracts imply differences from the other forms.. 
of nuclear cataract. 
The trends in plasma total calcium within both cortical and nuclear groups 
were associated with T'rallel trends in albumin, the latter largely accounting 
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for the lower total protein in the cataract group as a whole. The 
association of hypocalcaemia and cataract is known (61,62). The trend in 
total calcium within the nuclear and cortical groups appears to be largely 
secondary to the changes in albumin concentration. However, within the 
cataract group as a whole, the lower albumin concentration appears to account 
for only part of the lower calcium levels, and other causes of the tendency 
to lower total calcium levels cannot be excluded. 
An excess of renal disease, for example, could account for the relatively 
lower total calcium and albumin levels, and higher urea levels in the cataract 
group, and would be consistent with reported evidence of transient cataract 
associated with temporary renal dysfunction, (63) and of cataract with 
renal failure (64,65). However, the lack of significant difference in (a) 
plasma creatinine and urate levels and (b) incidence of overt renal disease 
between cataract and patient groups suggests that mild renal disease is 
unlikely to be an important factor in causing the differences in calcium, 
albumin and urea levels. Nephropathy might be expected in the diabetic 
group, but although their plasma urea is elevated, it does not implicate 
renal dysfunction as an important factor for the calcium levels, as the 
mean for total calcium and albumin in diabetes are similar to those for 
the mature cortical and yellow nuclear groups, and it will be noted that 
the brown nuclear and hypermature cortical groups have even lower levels. 
General dietary deficiencyy might account for the low total calcium and 
albumin in the cataract group, but would not be consistent with the higher= 
urea levels. There is no biochemical evidence of differences in hepatic 
function between the two groups that might account for the differences in 
albumin levels. Although medication might be invoked to rationalise the 
biochemical differences, (for example, an excess of anticonvulsant users 
in the cataract group as a whole might contribute to the lower calcium 
levels in these groups, or excess of protein catabolic drugs, such as 
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cortïcosteroid, which might account for the low albumin and raised urea), in 
fact no significant differences between patients and controls have yet emerged 
in the use of such drugs. The difference between patients and controls in 
plasma fasting glucose (6.0 and 4.8 respectively) appears to be due to the 
diabetics: if these are removed, the mean for the cataract patients (5.2) 
is higher than that for controls but not significantly so. 
Two other features of a population with an excess of diabetics are not 
found, triglyceride levels do not differ significantly between patients and 
controls, and cholesterol is actually lower in patients than controls, 
(P < 0.0001), the reverse of expectation. Possible explanations for the 
latter would include higher levels of thyroid function in patients (not 
measured) or an increase of primary hyperlipidemia in controls; however 
unlikely this may seem, it will be noted from Table 6 that there is also 
an excess of arcus senilis in controls (P < 0.0001), which would be in 
agreement with higher cholesterol. As with the calcium levels, an inverse 
relationship between serum and lens levels seems to occur; cataractous lenses 
are reported to contain elevated levels of cholesterol (66,67). 
TABLE 6 
(P) Vs Controls (C) Arcus Senilis Patients 
P C 
ABSENT 109 90 119 
SLIGHT 18 51 69 P < 0.0001 
MODERATE AND SEVERE 11 23 34 
138 164 302 
Total Co2 levels differ only slightly, but one group, cataract patients 
with glaucoma, have a mean of 25.9 as compared to controls (28.)45). 
Acetazolimide dosage may account for part of this difference. The high 
alkaline phosphatase levels and the extreme variability in the mature cataract 
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group suggests that bone metabolism might be affected in certain of these 
patients. 
CONCLUSION 
Although none of these data lead to unequivocal conclusions it would seem 
to us that the analysis of individual lenses is justified, in that the 
definition of different cataracts on a biochemical basis might on the one hand 
lead ultimately to a clearer understanding of the range of mechanisms leading 
to opacity, and on the other to the validation of subgroups of cataract 
selected for assessment of significant associations with different types of 
cataractogenic agencies. The emergence of unexpected differences ( as with 
plasma total CO2, and cholesterol) now indicates that certain specific drugs 
may require statistical investigation. It is necessary to evaluate whether 
it is the disease condition or the drugs employed which is associated with 
liability to cataract. The size of the population under investigation is 
being increased considerably, and we hope that some of the problems raised by 
the associations reported here may be clarified by inserting certain specific 
questions into our recording system. The inverse relationship found, both 
for calcium and for cholesterol, between levels in plasma and reported levels 
in cataractous lenses, is inexplicable at present but does suggest possible 
experimental approaches with animal models. 
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We are engaged in a continuing study of cataract patients and a control population matched for 
age and sex, in which epidemiological, ophthalmologicál, medical and other data is being collated 
and statistically processed by S.P.S.S. (Statistical Package for the Social Sciences). 
We report some confirmation of several significant differences found previously between our 
cataract and control populations, including the levels of several plasma constituents and the use 
of certain drugs. We also report some new data, including an increased risk of cataract to indi- 
viduals without clinical diabetes whose fasting blood glucose is elevated above the normal range, 
and also an increased risk to individuals whose blood pressure is elevated above the normal range. 
Protein profiles from individual cataractous lenses are compared after grouping the lenses 
according to the full slit lamp description and other features, and we also present a further report 
on some biochemical differences observed between cataracts of similar appearance but different 
aetiology. 
Key words: human cataract; epidemiology; plasma constituents; blood pressure; specified drugs; 
alcohol; disease; lens protein profiles; morphopathology. 
1. Introduction 
In 1973, Pirie pointed out that the "almost universal description of cataracts as `senile' 
without further details" hampered investigations of human lens, and went on to suggest 
that even one particular type of cataract (described as the "grey nuclear" cataract, 
which may follow posterior subcapsular opacities), could not be expected to form a 
homogeneous group. 
Although cataract surgery is a routine ophthalmic operation it would be advantageous 
if preventive measures were possible for even a small proportion of cataract cases. If 
cataract has several possible underlying aetiologies, as is now generally assumed, then 
inability to discriminate validly between types of cataract will hinder the possible 
development of rational preventive measures or therapy. 
Cataracts are generally described by morphopathology or by age of onset, and there 
is a very large body of literature (reviewed by Harding and Dilley, 1976) on the proteins 
in cataractous lenses that has firmly established the existence of age- related changes, and of 
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differences in protein content and solubility between nuclear and cortical cataracts. 
However, investigations are normally made on proteins obtained from pooled lenses. 
We have previously discussed the possible loss of information which may ensue from 
the use of pooled lenses (Cuthbert, Clayton, Truman, Phillips and Bartholomew, 1978), 
even if material has been used from a group, such as nuclear cataracts, which has been 
further subdivided and classified, for example by nuclear colour (Pinie, 1968). It is 
known that certain specific groups are at especial risk of developing cataract, for example 
diabetics (Caird, 1973), individuals with certain G6PD variants (Zinkham, 1971), or 
heterozygotes for galactosemia (galactose 1 phosphate uridyl transferase deficiency) or 
for galactokinase deficiency (Skalka, Prchal and Conrad, 1979). Although it is still not 
feasible at present to predict the development of cataract in any of these individuals, it 
may, in principle, be a real possibility. The concept that a factor may confer liability 
to malfunction so that one or more other genetic or environmental conditions may also 
require to be present to precipitate manifest damage is fundamental to understanding 
specific drug susceptibilities in many human genetic conditions (for example, Vesell, 
1976), and the similar concepts of `co- cataractogenesis' and syncataractogenesis' have 
been put forward by Hockwin (1976) and Koch and Hockwin (1974) as applied to the 
problem of cataract. 
If valid biochemical subgroups could be defined, these might be more relevant than 
age of onset or general morphopathology in a search for correlations between particular 
types of cataract with medical, ophthalmological, environmental and other factors; and 
also make possible a search for further groups at special risk with respect to any factors 
found to be cataractogenic. 
Preventive or therapeutic measures have so far been offered only for such clearly 
characterized conditions as galactosemia and galactokinase deficiency (Gitzelmann, 1967; 
Gitzelmann, Curtius and Schneller, 1967), by the witholding of dietary lactose, and also 
for diabetic cataracts where quercitin has been tested with animal models in vitro and 
in vivo (Varma and Kinoshita, 1976; Beyer -Mears and Farnsworth, 1979). 
The unequal distribution of the several crystallins within the lens and their differential 
susceptibilities to such processes as oxidation, cross -linkage or aggregation, and the 
existence of particular quantitative effects on crystallins in certain mutants suggested 
to us that cataracts with differently located lesions or different causations might be 
characterized by distinctive changes in the quantitative profile of crystallin polypeptide 
chains in both water -soluble and urea -soluble fractions (Cuthbert et al., 1978). 
Lenses, fully described by slit -lamp observation, were analysed individually and their 
protein profiles, measured by integrating densitometry, were found to fall into several 
distinct groups, indicating biochemical regularities in particular forms of cataract. For 
example, immature, mature, and hypermature cataracts showed a clear progression of 
changes; the profiles of brown and yellow nuclear cataracts showed similarities in broad 
outline, yet were nevertheless distinct from one another. Other distinctive groups of 
protein profiles were found, including Down's Syndrome cataracts, juvenile, blue dot, 
corticosteroid cataracts, and groups with particular multiple lesions (such as blue dot 
coronary with posterior subcapsular opacities). 
Diabetic cataracts of whatever morphopathology were found to share certain features, 
including elevation of some components and depression of others, which distinguished 
them from non -diabetic cataracts of similar morphopathology. 
These data were extended in a later report (Bartholomew et al., 1980). For example 
it was found, using stepwise discriminant analysis, that yellow and brown nuclear cataracts 
form two distinct populations: either additional factors are required to produce brown 
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cataracts or a threshold phenomenon obtains : the occurence of diabetes- related changes 
in protein profiles was also confirmed. These correlations were derived from characteristics 
of each lens, scored for a range of values for each of 78 items of information, mostly 
covering levels of individual polypeptides. 
Epidemiological, medical, ophthalmological and other data have been collected on 
individuals in the experimental and control populations. The data have been selected 
on the basis of evidence in the literature of association of cataracts with various genetic 
diseases, certain classes of drugs, occupational cataract and certain disease conditions 
(reviewed, Bartholomew et al., 1980). We use a questionnaire suitable for transfer to 
computer store, and all individuals are scored for a range of values on each of 156 items 
of information. 
Statistically significant differences between the cataract and control populations, 
matched for age and sex, were found, some confirmatory of previous reports in the 
literature such as the higher prevalence of glaucoma, uveitis and diabetes in the cataract 
population, others unexpected, such as a lower prevalence of severe arcus senilis, usage 
of certain drugs, and significant differences in the levels of certain plasma constituents. 
Our previous report was based on the first 300 individuals; to date we have analysed 
almost 2000 individual lenses, and have fully investigated almost 900 individuals, over 
100 of whom represent three special groups. We report here on some preliminary data 
from one such group: cataracts from a group of Korean patients recovered from leprosy, 
and a comparison with patients with brown or black nuclear cataracts from Sri Lanka. 
2. Methods 
Lenses 
Individual lenses are placed on solid CO2 in the operating theatre immediately after operation. 
They are stored, processed and analysed as described in Cuthbert et al. (1978) and Bartholomew 
et al. (1980). Lenses from Sri Lanka, the Lebanon and Korea were transported in saturated 
ammonium sulphate. They were homogenized and dialysed against 0.01 M- phosphate buffer, 
pH 7.2, containing 10 nmi- mercaptoethanol, before further processing, and compared with a 
series of eight lenses from Edinburgh, treated and processed in the same way, as controls for 
this procedure. The Edinburgh lenses were a representative sample of types of cataract whose 
protein profiles were known to be distinctive and repeatable (Cuthbert et al., 1978). 
Biochemical data 
Blood was collected from patients and controls and analysed as described in Bartholomew 
et al. (1980). 
Statistical procedures 
These used the S.P.S.S. (Statistical Package for the Social Sciences) programme package 
(Nie, Hull, Jenkins, Steinbrenner and Bent, 1965). The numbers of patients and controls may 
vary for the analyses as missing values have been excluded from analysis. The tests used were 
t or x2, according to the nature of the variant being considered. 
3. Results and Discussion 
Cataract and control population 
The current analyses are based on a total of 719 individuals (542 patients and 177 
controls) since the remainder of the population is not yet fully entered into computer store. 
Those plasma constituents which we reported (Bartholomew et al., 1980) as showing 
significant differences between the cataract and control populations are confirmed with 
the probability levels unchanged, or in some cases increased (Table I). 
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The larger population size has permitted us to analyse further the association of low 
plasma cholesterol with cataract (Table II). If we examine the upper and lower extremes 
of the distribution for serum cholesterol levels, it appears that individuals with particularly 
low levels (< 3.6 mmol /1) have a cataract incidence similar to those with moderate 
levels. However, very high levels of serum cholesterol (> 6.7 mmol /1) are associated 
with a significant reduction in cataract prevalence (Table II). This is presumably related 
to the negative correlation between cataract and arcus senilis (P < 0.0001, Bartholomew 
et al., 1980). 
TABLE I 
Levels of plasma constituents 
Component 
Patients Controls 
P Mean S.D. Mean B.D. 
Urea (mmol /1) 6-14 2.27 5.38 1.31 < 0.0001 
Plasma fasting glucose, PFG (mmol /1) 5.49 2.10 4.75 0.53 < 0.0005 
Calcium (mmol /1) 2.39 0.12 2.46 0.10 < 0.0001 
Albumin (g /1) 40.52 4.14 43.09 2.32 < 0.0001 
Total protein (g /I) 69.40 6.14 73.12 4.59 < 0.0001 
Cholesterol (mmol /1) 6-14 1.39 6.66 1.23 < 0.0001 
Alanine aminotransferase (U /1) 17.21 14-10 24.56 31-89 < 0.0001 
Aspartate aminotransferase (U /1) 24.68 14-36 28-51 17-66 < 0.001 
Total Co2 (mmol /1) 27.61 2.90 28.41 2.35 < 0.0011 
% of individuals with PFG > 5.8 mmol /1 
r 
188°ó 3'9°ó < 0.001 
% of individuals with cholesterol > 6.7 mmol /1 29.8% 42.6% < 0.005 
TABLE II 
Relationship between plasma cholesterol levels aml cataract 
Cholesterol level 
Patients Controls 
Totals No. No % 
< 3.6 mmol /1 16 3 2 1.1 18 
3.6 -6.7 363 67.2 99 56.3 462 
> 6.7 161 29.8 75 42.6 236 
Totals 540 176 716 
P < 0.01. 
TABLE III 
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In an earlier report (Bartholomew et al., 1980) we found a significant association 
between cataract and the topical application of drugs (P < 0-025). With increased 
numbers in the study the significance is increased [Table III (a)]. Miotics and corti- 
costeroids both contribute to these figures [Table III(b)]. 
We reported previously that we found a significantly higher usage of antihypertensive 
drugs among cataract patients, but no increase in cardiovascular disease. We have now 
assessed this data not by the presence of cardiovascular disease in general but by diastolic 
blood pressure levels (Table IV), excluding all those who are using antihypertensive 
drugs and whose blood pressure levels would be expected to be reduced (seven of 26 
such users still had high levels). We set arbitrary limits for classification of diastolic 
blood pressure as very high and very low. 
TABLE IV 







Very low, < 60 mmHg 7 1.4 6 3.6 13 
Median range 432 84.5 154 92.2 563 
Very high, > 120 mmHg 72 14.1 7 4.2 72 
Totals 511 167 678 
P < 0.001. 
The relationship between elevated blood pressure and cataract is highly significant 
(P < 0.001). It would seem that the use of antihypertensives does not confer significant 
protection against this effect, since individuals on antihypertensive medication are also 
highly liable to cataract (25 cases in 536 cataract patients and 1 in 168 controls), even 
although the blood pressure is reduced in most of them. 
The Framingham epidemiological study measured numerous variables in a population 
over the period 1948 -52. In 1973 -5 this same group was investigated ophthalmologically 
(Kahn et al., 1977). Some senile cataract was found, the proportion rising in the older 
age group, as would be expected. Among the earlier measurements correlated with the 
later cataract data were systolic blood pressure and random blood sugar. The type of 
population sample and the methods of measuring blood pressure and blood sugar all 
differ from ours, and the elapsed time between measurements also make the results not 
properly comparable. Nevertheless there appears to be an agreement between this study 
and ours in finding an association between high blood pressure and cataract, and high 
blood sugar and cataract. 
The mechanisms underlying the associations found may be far from direct. Kahn et al. 
(1977) found some association between mean casual blood -sugar level and high systolic 
pressure, and between both of these and ocular hypertension. These correlations, and 
our own population data, point to the likelihood that interactions of factors each conferring 
liability are very likely ultimately to emerge. 
In our previous study the major contribution to the higher plasma fasting glucose 
levels (PFG) in cataract patients came from the diabetic subgroup. With our larger 
population this can be investigated more precisely, by removing the diabetic subgroup 
from the calculations. There is a significant excess (P < 0.001) of cataracts among 
individuals without clinical diabetes whose fasting plasma glucose (PFG) is elevated 
above the normal range (> 5.8 m /mol /1) (Table V). The significant association of diabetes 
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with absence of a crystallin subunit, in the lens III,. (U.S.) (Bartholomew et al., 1980) 
is not found in lenses from individuals with high PFG without clinical symptoms. Either 
the causes of these cataracts are not identical or the loss of this component is related 
to the duration of diabetes. 
TABLE V 
Plasma fasting glucose levels in non- diabetics 
Blood glucose 
Patients Controls 
Totals No. % No. % 
< 5.8 mmo1/1 















P < 0.01. 
TABLE VI 
The use of tranquillisers 
Cataract Controls 
Totals 
No % No. 
None 445 86 146 90 591 
Major 41 8 4 2 45 
Minor 31 6 13 8 44 
Totals 517 163 680 
P < 0.05. 
TABLE VII 
Use of alcohol 
Cataract Control 
Totals 
No. % No. 0/0 
Abstainers 217 40.6 47 27.5 264 
Non -abstainers 317 59.4 124 72.5 441 
Totals 534 171 705 
P < 0.005. 
The non -diabetics with high levels of plasma fasting glucose may include pre- diabetics 
or occult diabetics. Falconer, Duncan and Smith (1971) estimated that the numbers of 
individuals whose genotype conferred liability to diabetes is higher than the number of 
overt diabetics. The glucose tolerance of this group might therefore be of interest, since 
it is possible that the mechanism of cataractogenesis in some at least of this group may 
be similar to that elucidated by Van Heyningen (1976) and Kinoshita (1974). A follow -up 
over a period of years may be required to assess how many of this group might develop 
clinical diabetes. Whatever the underlying situation, it would appear that high plasma 
glucose confers a significant risk of cataract. We hope to compare the protein profiles 
of cataracts from this group with those of diabetic patients in detail. 
There is a higher incidence of the use of major tranquillisers (barbiturates, MAOI, 
tricyclics and phenothiazines) among cataract patients than among controls (P < 0.05). 
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The users of minor tranquillisers (Valium, Librium, etc.), on the other hand, are found 
at similar levels in the cataract and controls groups (Table VI). 
We also find some association between alcohol consumption and cataract (Table VII). 
Total abstainers have a higher prevalence of cataract, and non -abstainers a lower incidence, 
as compared to the control population (P < 0.005). 
a) (b) 
I 













1 2 3 
DI 
I 2 3456 
ISL 









Fm. 1. Densitometer traces from the water -soluble (a) and urea -soluble (b) fractions of three catarac- 
tous lenses with white nuclear and immature cortical involvement. The preparation, electrophoresis and 
densitometry of the lenses was as described in Bartholomew et al (1978). (A) Cataract from Korean 
leprosy patient. (B) Korean lens with no leprosy history. (C) Diabetic patient, Edinburgh series. The 
elevation of V6 may be seen in leprosy (b)A, and the absence of III, in diabetes (b)C. 
We record the non -abstainers according to their level of alcohol consumption, but 
have insufficient numbers with very high intake in the group at present to assess differences, 
in liability, if any, as related to alcohol consumption levels. This effect may be due to the 
living habits or to other biochemically unrelated factors associated with a life -style in 
which alcohol is avoided. More detailed analysis must be deferred. 
Lenses 
Of the almost 2000 individual lenses processed to date, only a small proportion have 
so far been analysed by stepwise discriminant analysis and other statistical procedures, 
but we also found that a simple comparison of the means and standard deviations for 
a particular component in different types of cataract may sometimes discriminate between 
them (Yim, 1979 ; Bartholomew et al., 1980). Typical traces with coded designations of 
the subunits are shown in Fig. 1. 
560 R. M. CLAYTON ET AL. 
The values for the subunit V6 (Cuthbert et al., 1978) range from 0.5 to 25% of the 
urea -soluble fraction. A group of 34 cataract lenses from Korean ex- leprosy patients 
with uveitis all had values ranging from 9.5 to 25. In contrast, 26 out of 33 diabetics 
had values ranging from 0.5 to 9, and therefore were significantly different (P < 0.05) 
from the ex- lepers. The Korean lenses were transported to Edinburgh in saturated 
ammonium sulphate solution. We therefore compared these with 19 lenses with dark 
nuclear cataracts transported in the same way from Sri Lanka. These had V6 values 
ranging from five to 17, which is similar to the values for the general population of 
lenses from Edinburgh. This data indicates that high levels in the lenses from the ex- leprosy 
patients were not due to the ammonium sulphate procedure. All Edinburgh lenses treated 
with ammonium sulphate as controls for this procedure show features characteristic of 
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Fm. 2. The w.s. fraction of another leprosy cataract: this shows the component III, (found in 19 of 
the 33 leprosy cataracts). III, is also shown in the U.S. trace from a Down's Syndrome Cataract. Com- 
ponent III2 is f, and V6 is cross -linked material with several specificities (Cuthbert et al., in prepara- 
tion). 
White nuclear cataracts occurred in 28 of 33 lenses in the Korean sample, and in one 
Korean lens from a non -leper. We compared these lenses with a sample of 24 white 
nuclear cataracts from Edinburgh. The lenses from the leprosy patients had a higher 
value for subunit III2 (water -soluble fraction) than the Edinburgh group (P < 0.01). 
It may be, therefore, that the inflammatory condition in the eye had affected the amount 
of this component: however, we have no direct evidence to this point at present. 
Another feature distinguishing the lenses from the leprosy patients is the appearance 
in 13 of 33 cases of material similar in mobility to III, (Fig. 2) previously found only in 
lenses from two cataracts from Down's Syndrome, three out of four cataracts from 
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patients with myotonic dystrophy, and a lens which had remained in a cadaver for at 
least 24 hr. The absence of this component from all other lenses suggests a possible 
breakdown product associated with severe inflammatory conditions, post -mortem change 
or membrane abnormality: the possibility that III, is such a breakdown product is 
open to investigation. 
We suggested previously that diabetic lenses may differ from non -diabetic lenses of 
similar morphopathology. The data continue to support that interpretation. Subunit IIIl 
in the urea -soluble fraction (a /3- crystallin) has the value of 0 -0.5 in 21 % of diabetics 
and in 8% of non -diabetics (P < 0.025). Overall the percentage dry weight of cataracts 
with cupuliform involvement is not higher than that of cataracts with no cupuliform 
involvement. However, in agreement with our previous findings, the percentage dry 
weight of diabetic lenses with cupuliform involvement is higher than that of non -diabetic 
lenses with cupuliform involvement (P < 0.0005). Thus cupuliform morphology also 
points to a distinction between diabetic and non -diabetic cataracts, another indication 
that diabetics are a special group. 
4. Conclusions 
As the size of the population investigated increases, it will become possible to assess 
the contribution to liability to cataract of a number of variables which affect only a 
small sample of the whole: for example, it may become possible eventually to assess 
the effects of particular levels of alcohol consumption or of specific drugs within a general 
group (the major tranquillisers) and different topically applied drugs, and eventually to 
assess whether any conditions are synergistic with each other. 
However it is our hope that some correlations may permit the formation of hypotheses 
susceptible to experimental test, or to predict hazard to a particular group who may 
then form part of a prospective study. We also hope, in the long term, to be able to 
assess to what extent these associations may be more or less universally distributed 
and which characterise particular regions or ethnic groups. 
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Appendix 
Cataract Analysis and Epidemiology: Specimen Data Collection Sheets 
The computer record cards each carry a maximum of 80 items, each of which can be scored 
for a maximum of 12 alternatives. 
Figure A 1(a), (b) shows data collection sheets 3 and 4 of Card 1: "Epidemiology and Medical 
Factors ", which scores 80 items (sheets 1 and 2 of this card are represented in Bartholomew 
et al., 1980). Figure A 2(a), (b) shows data collection sheets 1 and 3 of Card 2: "Further Medical 
and Ophthalmological factors", which scores for 76 items. Sheet 2 of Card 2 is not shown since 
it repeats items in 1 and 3; containing the continuation of the right eye record and the beginning 
of the left eye record. Card 3 (not shown) covers clinical chemistry. It codes for 21 items, 19 of 
which represent different assays. This includes 65 computer entries; and in principle this could 
be added to in the future. At an average of three entries per substance assayed, five more plasma 
or other components could be added to the list. Those items, showing significant differences 
between patients and controls, are itemized in the text, other components are listed in Bartholomew 
et al. (1980). Cards 4, 5 and 6 cover lens protein analyses (water- soluble, urea -soluble and mem- 
brane components). Card 7 codes for further data pertaining to the extracted lens. 
Members of our control population are fully recorded on cards 1, 2 and 3, but (obviously) not 
on cards 4, 5, 6 or 7. 








11 NA 12 NK 0 None 1 Yes 
Specify e.g. senile dementia 
63 
Experimental Serial Number 
12 13 14 15 Drug History 
Regular use or more than 4 months 
continuous use 
Status /Patient Control Relative 
1 2 3 16 Tranquillisera 





5 Valium, Librium (specify) 




11 NA 12 NK 0 None 1 Untreated 
2 Drugs (specify) 
3 Surgery 
8 Other (specify) 
9 Multiple J7 
Cancer 
11 NA 12 UK 0 None 1 Untreated 
2 Drugs (specify) 
3 Surgery 
4 Irradiation 
8 Other (specify) 
9 Multiple 
Hypnotics 
11 NA 12 NK 0 None 
1 Mogodon 
2 Choral hydrate 
3 Paraldehyde 




11 NA 12 NK 0 None 1 Untreated 
2 Drugs (specify) 
8 Other (specify) 
9 Multiple 59 
Analgesics 





8 Other (specify) 
9 Multiple B8 
Mental & CNS 
11 NA 12 NK 0 None 1 Untreated 
2 Anticonvulsants (specify) 
3 Surgery 
8 Other (specify) 
9 Multiple 60 Antihistamines 
11 NA 12 NK 0 None 
1 Yes (specify) 
67 Respiratory 
11 NA 12 NK 0 None 1 Untreated 
2 Drugs (specify) 
8 Other (specify) 
9 Multiple 61 
Hormones - excluding contraceptives, 
corticosteroids 
11 NA 12 NK 0 None 
1 Yes (specify) 68 Chronic infection (specify) 
11 NA 12 NK 0 None 1 Untreated 
2 Drugs (specify) 
8 Other (specify) 
62 9 Multiple 
Oral contraceptives 
11 NA 12 NK 0 None 
1 Yes (specify) 69 
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Page 4 
Card number ¡1 
[ I 
Alcohol (daily average intake) 
11 NA 12 NK O None 
1 Low, occasional use 
2 Moderate (1 -4 pints /2 doubles) 
3 High use (5 -10 pints /4 bot.) 
4 Very high use (10 pints /4 bottle daily) 
75 
Experiment serial number 
12 13 14 15 
Status /patient control relative 
1 2 3 
'16 Tobacco 
11 NA 12 NK 0 None 
1 Low, occasional 
2 Moderate (10 cig /d. 10z.) 
3 High use (10 -10 /d) 
4 Very high use (10 /d) 
76 
Drug history g y 
Corticosteroids 
11 NA 12 NK 0 None 
1 Systemic (oral) 
2 Systemic (injected) 
3 Topical 
9 Multiple Self- medication 
11 NA 12 NK 0 None 
1 Antacids 
2 Laxatives 
3 Cough mixtures 
















11 NA 12 NK 0 None 
1 1-I children 
2 5-10 children 
3 Over 10 children 
7S 
Vasodilators 
11 NA 12 NK 0 None 
1 Yes, specify 
72 
Age at menopause 
11 NA 12 UK 
1 Under 40 
2 40-50 
3 51 -60 
4 Over 61 Bronchodilators 
11 NA 12 NK 0 None 
1 Yes, specify 
73 
Blood pressure (diastolic) 
11 NA 12NK 
1 Low 60 -79 
2 Normal 80-99 
3 High 100 -119 
4 Very low < 60 
5 Very high > 120 
u 
Diuretics 
11 NA 12 NK 0 None 
1 Yes, specify 
74 
Fia. A 1(b) 
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CATARACT ANALYSIS AND EPIDEMIOLOGY 
Medical Record: Ophthalmological Record Page 1 
Card number 1 
J 1 
Experimental serial number 
2 3 4 5 
Status: Patient 1 
Control 2 
Relative 3 6 
n 
For patients under 10 years 
Medical history of mother during 
pregnancy 
Infection NK 12 NA 11 None 0 
Yes 1 (specify) 
19 
Drugs NK 12 NA 11 None 0 
Yes 1 (specify) 20 
Familial Data 
Number of ascertainable first -degree 
7 8 relatives 
Illness NK 12 NA 11 None 0 
Yes 1 (specify) 21 
Number of cataracts known or 
ascertained in first- degree 
relatives 9 
Other NK 12 NA 11 No 0 
Yes 1 (specify) 22 
Number of ascertainable non- consan- 
guineous relatives (spouse, adopted sibs, 
adoptive parents, step parent, adoptees) 
10 
RIGHT EYE 
Glaucoma NK 12 NA 11 No 0 
GA 1, CA 2, Both 3, 
Secondary 4 
23 
Number of cataracts known or 
ascertained in non -consanguineous 
relatives 
11 
Uveitis NK 12 NA 11 No 0 
Anterior 1, Posterior 2, both 3 
Known genetic conditions of 
Individual: 
t'hromosomes NK 12 NA 11 
None 0 Yes 1 (specify) 12 
Macular degeneration 




NK 12 NA 11 No 0 Yes l 26 
Metabolism NK 12 NA 11 
None 0 Yes 1 (specify) 13 
Diabetic retinopathy 
NK 12 NA 11 No 0 Yes 1 
Skeleton NK 12 NA 11 
None 0 Yes 1 (specify) 14 
Retinal detachment 
NK 12 NA 11 No 0 Yes 1 
27 
28 
Skin NK 12 NA 11 
None 0 Yes 1 (specify) 
t'1'S NK 12 NA 11 




NK 12 NA 11 No 0 Perforating 1 
Percussive 2 Radiation 3 
Multiple 4 29 
Endocrines NI{ 12 NA 11 
None 0 Yes 1 (specify) 17 
Eye NK 12 NA 11 
None 0 Yes 1 (specify) 
18 




NK 12 NA 11 No 0 
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CATARACT ANALYSIS AND EPIDEMIOLOGY (Medical: Ophthalmological) Page 3 
Refraction at presentation 
60 61 62 
Cortical -maturity 
NK 12, NA 11, Early 1, Mature 2, 
Hypermature 3 
72 n Years between first record of cataract 
and operation 
NK 12, NA 11, 0 -1 0 
2 -5 1 
6-10 2 
11 -15 3 
16 -20 4 63 
Other 
NK 12, NA 11, Blue dot 1, 
White clot 2, Coronary 3, 
bd. x cor. 4, bd. +wd. +cor. 7, 
wd. + cor. 5, 
bd. + wd. 6 ; 20 + 5 
Classification of cataract 
(clinical appearance) 
Nuclear 
NK 12, NA 11, White 1, Yellow 2, 
Brown 3, Red /Brown 4, 64 
Distortion of lens 




Topical applications of drugs 
NK 12, NA 11, None 0, Miotics I, 
Adrenaline 2, Steroid 3, Other 4, 
(specify) 
75 
Cortical - Anterior 
NK 12, NA 11, Clefts 1, Vacuoles 2, 
Granules 3, Iridescence 4, 
Multiple 9 
65 
Date of lens extraction 
NK 12, NA 11, 
Right lens 1, Left lens 2 
76 
- Posterior 
NK 12, NA 11, Clefts 1, Vacuoles 2, 
Granules 3, Iridescence 4, 
Multiple 9 
- Peripheral 
NK 12, NA 11, Clefts 1, Vacuoles 2, 
Granules 3, Iridescence 4, 
Multiple 9 67 
- Lamellar 
NK 12, NA 11, Clefts 1, Vacuoles 2, 
Granules 3, Iridescence 4, 
Multiple 9 68 
I 
- Sectorial 
NK 12, NA 11, Clefts 1, Vacuoles 2, 
Granules 3, Iridescence 4, 
Multiple 9 69 
- Sutural 
NK 12, NA 11, Clefts 1, Vacuoles 2, 
Granules 3, Iridescence 4, 
Multiple 9 70 
- Cuneiform 
NK 12, NA I1, Clefts 1, Vacuoles 2, 
Granules 3, Iridescence 4, 
Multiple 9 71 
Fia. A 2(b) 
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Introduction 
For the past 2 -3 years we have been carrying out a comparative study between 
cataract patients and controls from which preliminary results are now available 
[1, 2]. 
Partly because `senile' cataract is not a single clinico- morphological entity, 
partly because many elderly patients have no significant cataract and partly 
because the disease is one of the most common causes of blindness worldwide, 
we decided, because of a sufficiently large number of patients, to study various 
aspects of the general and eye health of these 2 groups in the expectation of 
finding some correlates, and the hope of discovering causal factors. It was our 
hope that some of the causal factors would be found to be avoidable, and 
therefore the prevalence of cataract could be reduced. Results of analyses of 
crystallin subunits in cataractous lenses have already been published elsewhere 
[31. 
*This investigation is supported by a grant from the Scottish Home and Health Depart- 
ment. J. Cuthbert was supported by a scholarship from the Faculty of Medicine, Univer- 
sity of Edinburgh and has a research fellowship from the Iris Fund for the Prevention of 
Blindness. 
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Study population 
The population investigated comprised 540 cataract patients and 176 age- and 
sex -matched controls. Our controls consisted of members of old people's 
social clubs in Edinburgh and volunteers who read a newspaper account of our 
study. 
Patients were clinically examined as in- patients 2 days before operation, and 
had blood samples taken (fasting) on the morning of operation. Controls either 
attended hospital or were examined in the morning at their social clubs one 
hour or so after a very light breakfast (i.e. not more than one cup of sugarless 
tea and one half slice of thinly buttered toast). Data were recorded on both 
groups and an example of one of the pages of information assembled about 
patients and controls is shown in the appendix. 
Results 
High blood pressure 
This condition was more prominent in the cataract group than in the controls, 
excluding those patients taking antihypertensive drugs (Table I and also the 
appendix). 
The majority of patients using antihypertensive drugs had diastolic blood 
pressures below 120 mm Hg yet showed a significant risk of cataract (Table II). 
Table I: Diastolic blood pressure in cataract patients and controls not using anti - 
hypertensive drugs. 
Diastolic blood 
pressure (mm Hg) 
Number of Number of 
cataract controls 
patients 
<60 7 (1.4) 
60 -120 432 (84.5) 

















accordingly, it seems that the risk of cataract associated with high blood 
.ressure remains even after the use of this medication. 
"ranquillizers 
'he use of major tranquillizers (barbiturates, monoamine oxidase inhibitors, 
ricyclic antidepressants and phenothiazines), but not minor ones (diazepam, 
:hlordiazepoxide), was significantly associated with cataract (Table III). 
)iabetes 
['here were significant differences, by step -wise discriminant analysis, between 
)rotein profiles of the cataracts from diabetics and of the cataracts from other 
)atients. A very frequent feature is the absence of the III, (urea soluble) 
;rystallin component from cataracts from diabetics, whereas it is very rarely 
tbsent from cataracts from non- diabetics [4, 5]. 
fable III: Risk of cataract related to the use of tranquillizers. 
Cataract Control 
one 445 (86.1) 146 (89.6) 
Major tranquillizers 41 (7.9) 4 (2.4) 
Minor tranquillizers 31 (6.0) 13 (8.0) 
Total 517 163 
Numbers in parentheses refer to percentages. 
P < 0.05. 
21 
C. 1. Phillips et al. 
Table IV: Risk of cataract in relation to hyperglycaemia in non- diabetics. 
Fasting Cataract Control 
plasma 
glucose 
< 5.8 mmol/1 372 (86.7) 99 (96.1) 
> 5.8 mmol/1 57 (13.3) 4 (3.9) 
Total 429 103 
Numbers in parentheses refer to percentages. 
P < 0.001. 
There was a highly significant increase in the proportion of patients with 
relative hyperglycaemia without clinical diabetes in the cataract population 
compared with controls (Table IV). In relation to the III, (urea soluble) 
crystallin component, there was no significant difference between these 2 
populations. 
Plasma constituents 
The levels of other plasma constituents (calcium, albumin, total protein, 
cholesterol and total CO,) were also estimated and were found to be conside- 
rably less in cataract patients -P <0.0001 in all but CO2 where P <0.005. 
Urea levels, however, were found to be significantly higher in cataract patients 
(P<0.0001). 
Discussion 
How many of these significant results are independent of each other and how 
many are interdependent or contingent? The low plasma calcium may be 
partly but not wholly explained away because it depends on the level of plasma 
albumin. It is also interesting that there is a correlation between increasing 
depth of colour of the nucleus and decreasing levels of plasma calcium and 
albumin [2]. 
The association of cataract with antihypertensive drugs may not be due to 
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these drugs per se, but rather to the high blood pressure for which they have 
been prescribed. Similarly, the association with major tranquillizers may be 
due to some underlying condition(s) also connected with hypertension. 
Although the cataract population showed low cholesterol in relation to the 
control population, this was actually due to the significant increase of indivi- 
duals with very elevated levels in the control group. 
In a small study by Goswamy et al., serum cholesterol was found to be 
significantly higher in each group of 8 immature cataract patients, 4 mature 
and 15 hypermature than in 7 normal controls [6]. Total serum phospholipids 
were significantly higher in the immature and mature cataract groups (not 
hypermature) and total serum proteins were significantly lower in each of the 
cataract groups. The discrepancy in the case of cholesterol between their and 
our results may arise from the small number of their samples and the selection 
of particular types of cataract. 
No control group is ever perfect, just as in philosophy, arguments from 
analogy always break down at some point. The state of general health in the 
control group may have been better than that of the patients. The fasting blood 
sugar of the patients would be expected to be less than that of the controls, yet 
it was higher, which indicates that the actual association between relative 
hyperglycaemia and cataract may be even more significant than our figures 
show. 
It is interesting to note that in the Framingham study population there was a 
significant association between relatively high systolic blood pressure at the 
time of the general survey, and a finding of cataract 20 years later, when an eye 
survey was done: the association was significant for both men and women in 
the age groups (at the time of the eye examination) 52 -64 and 65 -74, but not 
75 -85 years [71. Similarly, the association between senile cataract and relative 
hyperglycaemia 20 years previously was significant in the 52 -64 age group 
only, for both sexes. A significantly low vital capacity (except for males 75 -85 
years) and high serum phospholipid (only males 52 -64 and females 65 -74 and 
75 -85 years) were also observed. 
Our future plans are of several kinds. Certain correlations cannot be invest- 
igated in sufficient detail without increasing sample size. In particular we 
intend to increase the numbers in our control population and also the number 
of patients with cataract of early onset. We suspect that the younger the 
cataractous patients, the more causative factors will be found, whereas the very 
elderly cataract patients will have relatively few. Deeper analyses of the data 
already obtained is now being done; for example it is possible that there is a 
quantitative relationship between diastolic blood pressure and the degree of 
risk of cataract. A search will be made for genetic factors. 
23 
C. 1. Phillips et al. 
References 
1. Clayton, R. M., Cuthbert, J., Phillips, C. I. et al. (1980): Analysis of individual 
cataract patients and their lenses: a progress report. Exp. Eye Res. (In press). 
2. Bartholomew, R.S., Clayton, R.M., Cuthbert, J. et al. (1980): Analysis of individual 
cataract patients and their lenses: preliminary observations on a population basis. 
In: Proceedings of Symposium on Ageing of the Lens, pp. 241 -261. Elsevier /North 
Holland Biomedical Press, Amsterdam -Oxford -New York. 
3. Cuthbert, J., Clayton, R. M., Truman, D. E. S. et al. (1978): Analysis of the 
crystallin composition of individual human lenses: characteristic modifications as- 
sociated with different cataracts. Interdisc. Top. Gerontol, 13, 183 -192. 
4. Yim, S. H. (1979): M. Sc. Thesis, University of Edinburgh. 
5. Duffy, J. et al. (1981): In preparation. 
6. Goswamy, S., Mathur, R. L. and Agarwal, L. P. (1971): Lipoproteins of the 
crystallin lens and serum factors in senile cataract. Indian J. Med. Res., 59, 1460- 
1466. 
7. Kahn, H. A., Leibowitz, H. M., Ganley, J. P. et al. (1977): The Framingham Eye 
Study II, Association of ophthalmic pathology with single variables previously 
measured in the Framingham Heart Study. Am. J. Epidemiol. 106, 33 -41. 
Zusammenfassung 
In einer Gruppe von 540 Kataraktpatienten im Vergleich zu 176 nach Alter 
und Geschlecht vergleichbaren Kontrollpersonen haben wir relativ und sig- 
nifikant höhere diastolische Blutdruckwerte, einen größeren Anteil von Pa- 
tienten unter Antihypertonikatherapie, höhere Plasmaglukosewerte bei 
Nichtdiabetikern, eine größere Zahl von Patienten, die stärkere Tranquil- 
lanzien (Barbiturate, Monoaminooxidasehemmer, trizyklische Antidepressi- 
va und Phenothiazine) einnahmen, sowie höhere Plasmaharnstoffspiegel fest- 
gestellt. Die Kataraktgruppe wies signifikant niedrigere Plasmaspiegel von 








12 13 14 15 
Status: Patient /Control /Relative 
1 3 
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Alcohol (daily average intake) 
11 NA 12 NK O None 
1 Low, occasional use 
2 Moderate (1 -4 pints or 2 doubles) 
3 High use (up to 5 -10 pints or up to 
half a bottle) 
4 Very high use (more than 10 pints or 
more than half a bottle) 75 
Drug history 
Corticosteroids 
11 NA 12 NK 0 None 
1 Systemic (oral) 





11 NA 12 NK O None 
1 Low, occasional 
2 Moderate (10 cigarettes) 
3 High use (10 -40 cigarettes 
















11 NA 12 NK O None 
1 Antacids 
2 Laxatives 
3 Cough mixtures 




11 NA 12 NK 0 None 
1 1 -4 children 
2 5 -10 children 
3 Over 10 children 
78 
Vasodilators 
11 NA 12 NK O None 
1 Yes, specify 
72 
Bronchodilators 
11 NA 12 NK O None 
1 Yes, specify 
73 
Age at menopause 
11 NA 12NK 
1 Under 40 years 
2 40 -50 years 
3 51 -60 years 
4 Over 61 years 79 
Diuretics 
it NA 12 NK 0 None 
1 Yes, specify 
74 
Blood pressure 
11 NA 12NK 
I Very low (60 mm Hg or less) 
2 Low (61 -80 mm Hg) 
3 Normal range (81 -100 mm Hg) 
4 High (101 -120 mm Hg) 
5 Very high (121 mm Hg or more) 
BP mmHg 80 
Pre -medication before blood taken for clinical chemistry: 
NA = not applicable, NK = not known 
